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INTRODUCTICH

Although thers have always been sporadic reportas of
anontanecum curesa in tuberculous menlnglitis, up to a few
years ago this dlegnosls almost invariably meant death
within a few weeks or months.

The therapeutic use of Streptomyein in thia diseasse
her created new hope for these patlientes and has atimula-~
ted tremendous interest in all aspects of the dlaeane.

Some ldes of the near epldemlc proportions thla
disease assumes 1ln the Cape Town ares is obtalned frowm
the fact that for purnoses of the present lnvestigation
200 casea of tuberculous meningitls were collected in
the apen of 13 montha, and when 1%t is coneldered that
this disesee clalma most of ity viectime in the first de-
cade af l1ife, the imnortance of the disense hegomes
manifest,

Ky introduction to the disease arose through a cloae
esenclation with the Clty Hosnital for Infectlous Diseases,
where the sheer numbere of casss admitted demanded attentlon

Iinterest in the hacterlology of tuberculous meningitis
centres round two main problema, namely the epldemiology
of the Alseare and the sensltivity of the causal crganlsms
to Streptomyeln.

Tealing with the second polnt firat, pulmonary tuber-
culaosia ir now belng extensively trested with Streptomycin
and the vwoaslbllity of meningeal infectlons occurring with
initially resistant organlams lg consequently greater than
ever before esnd has been repeatedly astressed. In view of
the indifferent reaults which were belng obtalned with
Strentomyecln in this disesse, it was declded to esatablish
at lesst this prerequisite for succeseful treatment, i.e.
initlal eeneitivity to the drug, in every case inveatlgstaed,
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The eatablistunent of the enldemiolopy of the dlasease
entails a xnawledge of the types of Infecting organisms,
ani this country has lagsed far behind most othars, espec-
ially the British Isles, in ascertaining the part olayed
by the bovine tuberecle bacillus in human dlsease. Cer-
talnly in the "eastern Provinee of the Cape no invsstigation
of this= nature has ever been rerorted, gulte apart from
any such attempt svecilfically dirscted towards tubsreculous
meninglitisa, and the ecetablishment of the erldemiology of
the digease in thiz area formed the esecond oblect of thle
inveatigetion,

The idea that ftuberculous diaease in man was partly
to be treced to infectlon Trom cattle had ite besinning 1in
the early part of $he ninoteenth zentury. Specific at-
tenmpt at proof was first made by Klenke in 1846, who in-
giated on the infeectiousness of milik from tubsrculous
cattle, The restlts of lnoculation exveriments culminating
in the nositive demonstration by Villemin in 1868 of the
infeetious nature of ftuberculous materisl, from both man
and cattle, for other animals, atrengthened thia view,

The firet sugoestlion that human tuberculosis differed
aetiolozileslly from that which affects lover animals, i
alac To be found in the writlpngs of this I'rench military
surgacn J,A, Viliemin who nublished a serles of enoch
making paners on tuberculesls betvwesen the years 1865 and
1868, ineluding a large hook on the subjleet in 1868, Not
only, a3 mentlonad ahove, was he the flret to prove the
infeetlious nature of tubereulous materisl derived fron
hoth man and cattle for other animala, but h= actually re-
marked "that none of our rabhlta innculated with human
tuberculous material have presented a tubepculisation so
ranid and genersli=ed ae that whloch we have obtained with
matertal from the cow!, This atatement, Whilch s-ema so
gignilficant in the lisht of present knowledpe, wWas
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completely nveriooked for at least two decadesa.

In March 1882, during an address to the Physiological
Soclety of Herlin, Robert Koch anncunced the dlacovery
of the tubercle beclllua, an organism which fulfilled all
nig vostulates as being the cause of Luberculosia, He
failed not only here, but alss in his closely.reaanned bonk
on the astiology of tuberculcsis published 1n 1884, to
mertion any dlfferences between the ocrganisms of hupan
and animel tuberculosls, and as a result of hls cultural
and animel experiments nctually cetegorically denled that
any such differences exlsted, It 18 extraordinary that
mich an acute observer as Koch undoubtediy was, should
have minsed the stpriking dlfferences exlstling in the ef-
fecta produced by inlecting humen and bovine bacllll rea-
pectively 1nto variougs animals, and shortly after Koch's
Aiscovery in 1887, Klein and Gihbes {(1803) in England
nointed out that Foch's work had not clearly established
the ildentity of the warious types of baelilli, and actually
nerformned experiments to prove differences 1ln pathogeniclity
of ftubercle bacllill derived from varlous ssurces,

Little attention was »naid to Klein's work, and ini-
ti1ally Koch slac regarmied the avian becillua as belng
identical with the mamnalian type. Thia mistake can
roseibly be exovlmined by the fact that he had not heen
able to obtaln culturss from fowle for want of fresh
material, and basing his concluslons merely on morphologl-
cal and staining simlisrities, believed hinmeself, 1n snlte
of gaps in the evidence, to be in a rogltion to speak of
the eseential identity of tuberculosls erlsting in the
different specles of animala,

He, however, qulckly eorrected his attitude with re-
sard to avian tuzbercilosis when he received cultures
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isolated from tubereulonus pheasants from two workers,
fingard and Koux, In Parls and he then immediately recog=-
rigsed that the differences existing betmeen avian and
mammalian tuberele haeilli were fundamental, and became
convineed that the fovl tubercle bhzcillus belonged tn a
speelns distinct from, though ¢lnsely related tn, the
mammalisn type,

A 11ttle Iater (1889) twn Ttalian workers, Rivnlata
and Maffueel, also differentiated the avian from the
mammalian type.

The next step towardzs 4Aifferentiation of the human
and hovine types was takrn in America by Theohald S:ith
who in 1896 published a enmparative study of two strains
of tiubercle haeilli, The one strain vas derived from n
tubersulous bull, and the nther from a net anpimel helleved
to have eontriaeted tuberenlosis from 1ts master., In
these resesarches, which mark the eommenervent af rnodern
views on the relationship of the baeilli »f human and
animal tuberculosis, decided differerces in virulenece for
the ox and the rabhit of these two stralns, one presumably
human and the other hovine, came to lisht and morphnlnsieal
pectiliarities were also deseribed, Tt i= an interesting
fact o nnfe that by exzminineg these two cultures alone,
Smith determined esvery essential difference existing
hetween the twn tvpes of mammalian tubercle bacilli,

Two years later (1898) Sriith reecorded the results of
Investigitinns on additional strains of tuberele baellli
and supeested the existence of "s Aistinetive human or
sputom, #nd a hovine variety of tuberele baclillus™,

Generally, however, lit*le attention was paild ©o
Smith's disecavery and the gerecral belief in the identity
af human and bovine tuberecle heeilli remained industurbed,

or at most it was belleved that tuvherecle haeilll from eattle
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ware actually slightly more virulent for humasne, and at-
temptes at the ermdlcation of bovire tuberculosis In dairy
hewle were in progreas. Conzequently the peclentifle
world wes 111 prepared for Koch's revolutienary statement
in 1901 at the Britiah Congress on Tubereulosla 1n London
to the effeet that "human tuberculosis dlffers from bovine
tuberculosis and cannot be tranenltted to cattle®, and also
that *bovine tuberculosise is 8o rarely trensmitted to man
that it cen =afely be lgnored as a source of tuberculosis,
and no speclal protective messures are indiceted.®

The first part of this statement = that human tuber-
euloele differs from hovine tuberculosie (8 reversal of
hies former oplnlon} ie essentislly correct, and has been
fully econfirmed, In the second part of hile gtetement 1t
#1ll, however, be observed that Koch went much further than
Smith and his followers in Awerlice who, while carefully
distinguishing between the huren and bovine types, hever
denied the vathogenicity of the latter for humans, It
18 not surprising that Xoch went s=tray when we c¢onslider
the relative rarity of primary abdomlnial tubereulosias in
Germany aw compared with the posltlon in EZInglend, &nd
indeed Koch himself in his adiress, gave nost morten
statietlics derived from varioue Jerman acurces, in support
of his cleims, {At 2 later date Uohn and Kudllch, (1930)
in & astudy of 2114 cases of childhood tuberculosia in
Central Turope, found a primary intestinal infeetlon in
only 24 (1.14%)}).

Although Koch abandoned this extreme view later
(Lange, 1932), it would be difficult to exapggerate the
1zmediate effect of Xoch's announcement, The praminence
of the man, and the startling nature of his concluslons,
arcused tremendous inter=at in the aublect. It at onee
conpletely paralysed all the many efforts which were then

being mede in the intereaste af publle health, to stamp out
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tuberculosis auwoniet herds of cattle, and on the other
hand 1%t is probable that no elngle etatement has cver
done so much tn atlmulate e perluental investigation:
Hezat Briftain aprolnted a TMoyal Commlselon whieh carrled
out a lony series of experlments Without interrmuptlon feor
nine years: Germany also aprolnted a comnlesion, and
loportant researches were carrled out in Frunce, Denmark,
Holland, Sweden and Japan, while in America, Smlth con-
tinued with his rescarcnes (3mith, 1904-5 and Smith and
Brown, 1907), Worxini in the research laboratories of
the ilew York Department of Health, Park and Xrumwelde
(1510) vroduced a monumentsl work on human and bovine
tubercle bacllll, and this, 1in conjuriction with the flnal
rerort of the British Royal Commiesion (1911), finally
gerved to diapel all doubt concerning the pathogenicity
of the bovine tubsrele bacillus for human belnga,

From the rathologleal point of view chief intercat
8t111 centres round the pathogenlsis of the dlsense.

Rich (1922) and Rich and ¥cCordock (1929; 1933),
introduced a ALfferent (1f not new) concept by meintain-
ing that the cause ol dlffuse tuberculous meningitia
could invarlably he traced to sone contipuous tuberculous
facus discharging 1ts contents into the subarachnnid anace.
Te substantlate this bellef they quoted the results of an
exaninztion of a serles of 82 cas=es in which they claimed
to have found euch focl in 77, i.e. 247 of cascea.

Prior to this, and despite evidence by ¥ment (1924),
Xortewey (1926) and othera to the contrary, the gencral
belief had been that sufflelent tubsrcle bacilll could
egcape from the blond atrean inte the meninges to inmed-
iately produce a Alffuse tuberculous meninglitia,

A great leal of avidence naas accumulated agalnat
this theory af a dlrect haeratogenous nathogzenisis of
the dlsease, but positive proof of the only reasonable
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slternative (Kleh's theory), by the actual demonstration
of contiguous focl, has Doen more diffieult to come by.

As g result of their investigatlons, [.admann (1935},
MacGregor and Groen (1937), Yeiurray (1944), Schwerz (1948)
agree with Rich, but Raglns (1936) and terzs and Jdeltzer
{1938) frankly dissgree and Belitzke's (1%39) conclusiong
are cautious and reserved,

However, wilth the sole exceptlon of @acGregor and
Green, conclasions are based on agmall serleas of cageas,
end the third objisct of this inveatigation then 1a to
test Rleh's theory by studying s numerleslly comparable

serles of cases.



SOURCE AND NATUHE OF BACTTZRIOCLOGTICAY, MATERIAT

Thls investigation was comrenced in June, 19850, angd

811 the bactericlocsicel material had heen cnllected by

July, 1851,

gonclurlonsg are based on results abtrlned from cul-

turea of oprganisme derived from 200 individual cases of

tuberculnur menlnglitis,
the Cane Feninesnla, and
Wegtern Province of the

mana of theee aress,

The raciesl dletributiocn of

Cape Toloureds
atives
Turoneans
Aalatics
The preronderance of
very striking, and can bhe
gcnnomlie conditions under
Theee condltions may

paragrerh quoted verbatim

163 eraes aof which originated in
37 aeeeea In varions towne of the
Cape and beyond, es set out 1n the

Flyure T,

the rasecg was pf Tollows!-

S S ek 164 c¢caees
e S s 17 i
i 2 = 16 n
i . it "

Tape Coloureds in this series 1s

corvelated with the soclial and
which they exist.
e masesped from the following

from the latest (June, 1949)

Anrunl Berort of the Medical Offlcer of Yealth, Cape Town:
*The socilel and economlc conditions of the Cape Colour-
eda are nn the whole unastisfactory. A part 5f them
have gkilled trades and carn good wages bhut the msajorlty

are uirakllled labourers and many of the men aarn leas
than 70 shillinge & week when in full work. The 1osl-
tion 12 aggrsvated by the large 8ize of the familles,

but the family income 4+ eked out when poasible by
earninga btrought in by the wife and ¢hildren. The
maegeures Lexen for the relief of distress are ilnadequate,
and theres 1= no coopuleory lnsursnce againet alekneas,
Thers: 15 much undernourishment and housing acoommodation
1= e¥xpenaive and bad. "he aoclal and cultural level iag
lov. The pricei~le of ecommulsory sducation does not
ap~ly to non-Luropeans, and, though thers are some good

Caolourei/. ....
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Golourau achionls, the genaral level of schoollng 1s
low, and tiere is a lmck of discipline in adolescentsa
and a serlous problen ceused by Coloured delinguincy.
The 1llegltimaey reate 1s high and venereal diseuse 1s
rife. The aveisl eontrast betwesn the Europsana and
Cape Coloureds can e expressed by the statement that
wheTess in the vhltes 1t iz only a suall mlrority that
belony to the depreased classeps, in the Cspe Coloured
1t i3 the wajoritye. The ssme contrast 13 seen in

the housing econditions; 1t 13 o amall minority of
Euoropesns whko 1ive In alum condltisne, but e majority
of the Goloured”,

The ann="uropean caacg 'rog toxna in the "egtern
Province were all children of Coloured lubourers amongat
whom aven worss coniitions prevail, =s osrganised rellefl
work is inedequate, and 1lquor (especielly smongst farm
labourars) 1ls movre rendily obtainsbile,

Elphtye-nlne {44.57) of these 203 casss were males.
Sehwarz (1948) 1n a raview of 22,489 cases of tuberculous
meningitis deseribed ln the litorature, found meles %o
constitute 51.5 par cent of caaes, and althoagh this ts
the usuasl finding, a preponderance of females 1a not
unknown oa £innsar (1925) reported an incidenczs of 44)
males und Harrington (1939) 1n thils eocuntry also recorded
an incidence of 4%.67 rglea, 1n seriss of 100 end 78 casss
Tospectively.

The age disgtribution of tha esses followa the pattern
of surveys made in many countrles, srl the tendency for
tubersulous meningiltla to develop In tha early yeesrs of
itfe 1z well broupght out in thia series whers BOF of cases
pccurred during the Flrst two yesrs of 1ife, as depleted
in Table I on opposlite page.

The fact thet no case occurred below the age of thrée
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monthe (the youngest case was 4 months 0ld) is in con-
formmity with the findings of Siazgei (1935) who, in an
extengive review of the litereture, founi a few cspes
creurring during the third month of 1ife but no undoubted
ceseg 1In infants of two wmontha or younger,

Working in s& Public Hezlth Laborstory, =y position
hes been partlcularly favourszble for arn investlgation of
thia nature, as specimens from practlcally all caasen to
be inveatigated in this area reach this laboratory elther
Aliractly from the docter in charge of the patient, or via
the various hospltale once the natient hes been hospitali-
sed,

Hoapitela dralned were the following: City Hompital
for Infecilons Dleeanes, Siellenboech SBanatorium, Brooklyn
Chest Hoaplitsl, Lynua Hoapltal, Caledon Hoeniltal and
throush the courteay of variocue doctere alao Graots Schuur
Hospltael an? the Wew Somereet Heanital, the last two
normally admitting few cases of tuberculous meningltls.

Cf theae 200 cascs, 196 weres obtained from the above

mentioned bospitalz as follows:i-

City Hosnltal for Infectioua Dizcomses 173 casce
Brooklyn Chest Hospital 10 cases
Stellenbosch Ssnatsrlun 2 cases
Hew Somerasat Hospltal J cpaca
Groote 3chuur Hospitel 3 ceReg
Langa Hospltal 1 cases
Celedon Hospital 1l case

The =zmaining four cases {(thres from Somerset West
and ong from Piketberg) were not hospitalised,

It is thus posalible to atate that apart Tfrom few ax—
ceuptions, nractleelly every sase dlarnoeed, and many ceses
auanected of having tuberculous menlingltia, ocourring in
the Yealern Province during the above mentioned period of
collection, ware investigated,

Muring 1life, the material investigated was cerebro-
8pinal fluid obtalined under strictly sterile conditions,
either by the lumbar route, by cleternal nuncture or

from the veniriclies of the brain in o Iew ¢ages,
WLERY cuwns



il1.

Witk cases dyfing beforr fluld ecould be sbhtain-d (6
cases), ar hefore ante-martem enltuvres were Lnowm to he
rositive {31 ecases), post-mortem isnlation was attemupted.
Tris material eonsisted of eisternal or ventricular fluid
talen under sterlle econditions, and exudate obtained efther
by swahbing the base of the brain with an ordinarv throat
swab, or simply by cutting a portion »f it awav,

Iin 18 cascs caseous lvmph nodes were also cultured,

Fluid was collected in 57 x A" hard plass test tubes
whleh were fitted with eorl stoppers snd had ;revinusly
been autocluved at 15 pounis pressure for 30 minutes,

Thege tuhes were usesd hegause they fitt-d the pare
ticulur centrifuge, 50 that once the fluid hsd been enl=
lected, 1t cnuld be centrifuged without any further
kandling. A luarge vnlume of fluld was usunlly dealt
with, for, the eerebro-spinal fluid being under increased
pressure, it was often passible to eollect 19 ce. in each
of four separate test tubes, An stterpt was made to
eollect an equal volume In each tube, This rrocedure
was considered preferable to the use »f fewer test tuhes
enontaining more fluild, in the event of possible eontamina-
tion of one of the tubes,

To ensure minimal delay in getting srecimens to the
laboratory apd for varlous other reassns, all speeimens
were nbtained personally From the warious hespitals, or
from tre homes of the patients not hostitalised, ns was
the case with the three patients from Snmrrset West, and
one patient from Piketberg.

The materisl examined in the course of this Investi-

gatinn 1s set out tn Table II.

Tabte I1/..ee5



TABLE II
MATEATAL EXAMINED

Ante-Horitenm | MHumbtes ' Humber
Heturs of 3pecinen or of of
Faet-Kurtan Sepge _ Srecimene |
I
2.5,F. froa Juspected Ceses Ante=korten 200 TBH !
Tuberculous C.5,F. I Foert-lartem 37 g
Bagnl Tubkercilaus Exulate | Past-Morten 47 111
|
Ceoenue Andnminsl Lompil Nodea Popt-Mortem i3 12 ]
Totel Huabor 2f Swesimenpg Invertlipgated;— Ak |




13.

I130LATION CF ORGANISNMS

Two methods are available for the 1solation of tubercle
bacilli. Firstly, by direct culture of the tuberculous
materlal on sultable medla and secondly, Ly the inoculation
of the tuberculous materiel infto a suscentible animal and
making cultures from the lesions eventusily resulting.

The laboratory animal univer=sally used 1e the pguinea pig.

Althoush the firet method (thet of direct culturing)
has bren in uc=e since Koch (1882) deascribed the firet
anitable medium (ineplssated bovine or sheen serum) it was
not until the last two decades that 1t has uradually come
tr be regerded by moet Workers as et least as efrTective
a method as the eAnimal inoculsatTlon procedure,

Both methode have Adlsadvantages, I sole rellance

for lesolation is placed on the puinea vig, then at least
two animals must be lnoculsted, in csce one of the anlinsls
should die of intercurrent dlecase bafore the Injected
tubercle bacilll have caused manifest dlsease In the
animal. Besldes belns costly, accommodation Teellitlen
must be doubled. Aleo aa Blsckloek {1552a) v»ointe out,
the resistance of individual guinea plgs to tuberculous
infectlon varies and small lnoculated doses may on
occasions fall to caure dlsemse In & particular animal,
A further poseible dlsaivantarge to the sole uaae of zZulnea
n3xa iz the fact that in small doses they arse relatively
reslestant to avian infectlions, and although the incldence
of huwan avian infeetion is completely 1nsignificant, 1t
1a as well to allo~ for =such an oeccurrence in an investi-
gation of thls nature,

As regards Ys0l-tion by means of direct culture,
emall numbere of these =trletly varasitlc organisma trana-

ferred from animal tlssues, may not ne able tn sadapt then-
selves in time to the artificlsl conditlonse of =ven the

moet/. . ..
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most satlafactory culture rmedlium, and such a straln will
then be lost if sole relience is nlaced on this method.
Thie 18 a well known danger partlcularly with regard to
the 1solation of the bovine bacillus (Holm and Lester,
1941}, and it was therefore declded to emnlay both methods
of 1eolation in thls 1lnvestigation.

Throughnout this investigation all inoculations of
medla, post mortem examinatlons on gulnea plge whoee
ticsues were intended for subsequent culture and the pre-
parstion of suspensions of tubercie bacillii for rabblt
innculatlon, were done in an inoculation box of the type
deacrlbed by Mackile and MeCartney (1948). The floor of
the box was covered with a2 towel =soaked in a 1:1000 solu-
tlon of mercuric blchloride, and in addition to the rela.
tlve abeence of duat and currente of alr, it afforded
some proteetion to the worker,

ALt freguent intervals 1t was dlisinfected by vaporie-
ing formallin in 1t,

The procedure with cerebro-apinal fluld taken ante-
or poBf-mortem wes as follaows!

As the fluld wes obtzained under sterlile condiflons
and transnorted personally to the lsboratsry, treatment
with acide or alkalls to destroy contamlnants was not
consldered necessary, and accordingly the test tubea con-
talning the fluid were simply centrlfuged at s rate of
2500 r.p.m. Tor one hour.

The test tubes were then transferred to the inocula-
tion box and all but the last 2-3 cc, of fluld removed
from each by mesne of sterlle pasteur pipettes. Xeening
the contents of each tube separate, hall the tubes (one
or two) were then used for seedlng the different media
employed, wnlle the other half was used for gulnea plg

inoculatlion. In the event of there being an uneven num-

ber of tubee {8 rare pccurrence), the odd tube was also
sgededf.....



aseaded onto medla. The contents of each tube used for
secding was Alvided as evenly as poseible (by means of
drops) between the different media, and distributed over
the surfsce of these medla by meens of nasteur nipeties.
The fibrinous clot, when present, was imnlented on the
surface of &2 medlum, In the event of there helng two
tubenm for incculating onto media, only half the medla,
1.2. one set of four, Was Iinoculated with the one tube,
and half «ith the contente of the other tube, to avold
the pos21bility of all cultures being contaminated as the
result of other organiame beling present in the contents
of one af the tubes,

The volume of fluld dArorped ontn each medlum usually
amounted to about 0.5 to 1.0 cc. This relsatively large
volume of fluld tended tn combat drylng of the medium
resulting from 2-4 weeka® incubation.

The screw cap stopners of the culture bottles wers
then tightened, and the bottles nlaced 1In e media sloping
tray and incubated at 37 degreecs Centlgrade f'or two weeks,
I1f no growth waa nrecent at thie stage the bottles were
returnzd to the incubator for another two Weeks before a
final declsinon as in the preasence or abeence of growth
was recorded,

Because of the llmited accommodation available only
one guinea plg was used for each case, the incculum 1in-
varianly being cerebro-apinal fluld obtalined ante- or
past mortem, No other materlal was ever used for guinea
£l incculation, The animal was injected intramuscularly
in one or other, or both thighs with the remalning half
the volume of fluid, A wide bore needle wamr used to en-
able the Tlbrinous clet present in many of the apeclmenas
alao to be devnosited in the tlessues of the animal,

After a period of alx fo ten weeks, surviving gulnea

plizs were Zilled and evamlned for tuberculous lesions, and

although/...
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although ecultures were not invariably made from these
lesinng, the macroseopie Alagnosis mas Invartably con-
firmed by mierosecopical examinatlon of' exudate or gsen-
tions.

By starting off with roughly equal vnlumes of fluiAd
In even numbers of test tubes, and halving the tubes be=-
tween animal innculation and cultural methnds of 1solation,
a minimal sampling error was inirodueed and gomparisons nf
results of the two methods ¢ould be made, Alsa, 28 the
valume of fluid for the direct cultural methnd was fairlv
evenly dlvided between the wvarilous media employved, deducs
tlons ¢ould be drawmn as to the most satisfactory medium
used In this investipation,

Where cultures were made from tubereulous guinea plgs,
the procedure was as follows: #orking in the inoeculatine
bnox, the enlarged and ecaseous Inguinal, 11iac and lumbar
glands as well as the spleen and liver were dlssected and
removed intaet to sterlile petri diskes after gently searing
their surfaces in a2 bunsen burner, In eases where the
inguinal glands were ulecerated and thus almost certainly
enntaminated, these glands were discarded,

The capsules of the glands were then inclsed with a
sterile scalpel and their contents rubhed over the surfaces
of the media by means of a wire loop. The 1iver and spleen
were similarly cut up and pileces of the argans rubbed over
the surfaces nf the media employed., After the additlon
af about 1 ce. of sterile saline to the bottles, the latter
wera stoppered and incubated upright at 37 degrees Centi-
grade for perlods varving between 3 and 6 weeks,

Autopsy material likelv to be contaminated with other
organisms was, as has been mentioned in the previnus chap-

ter, obtained either by swabbing the base of the

brainf...--..
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brain with an ordlnary throat swadb, or simnly by cutting
avay a nortion of tne exudate at the base of the brain.
In 18 cases caneous mesenteéric lymph nodes Were also cule-
tured,

Homopenisatlion of the paterial and saimultanecus
destruction of contaminatling orgenlsse wane ettempted by
the trisodlum phosphate method of Corper and Stoner (1946)
and the acld peroxide iron method of Jungmann (1838), the
materisl beinz equally dlvided, Jungmann's method was
eriginally devised for liquifying sputa - the sulphuric
acld and the hydrogen peroxlide having a marked saclvent
actlon on mucus in the preaence of traces of iron {(Haasau,
1542}, Concentration of the tubercle bseilll in the homo-
genleped material was achleved by centrifuging the latter.

The awabs were treated =ms follows: One awab (in-
variahly two were avallable) waa immersed 1in 10 cec. of
104 apclution of trisodium nhosvhate (23% asolution of the
hydrated salt) contalned in a hard glase test tube. Thia
tube wee sublected to repested sheking over & period of
24 hours, In the intervals between shaking, the test
tube weae xept at 37 degresg Centigrade in an incubator,
After 24 hours had elapeed the swab was removed and the
tube centrifuged at a 2500 r.p.m. for 60 mimutes, Yorking
in the inoculating box, &8ll but the last 1 ce, of fluild
wag plpetted off and the alkali neutrslised hy filling
the tube with sterile paline. The tube was then again
centrifuged for 60 minutes and the last 1 cc. seeded onto
media in exactly the same way g2 the cerebro-apinal fiulda
were dealt with,

The other swab was immersed in 10 ce, of Jungmann's
acld peroxide lron mixture, This mixture conalista of
equal volumes of two solutions *A" and "B*, 3olutlon
"A* conatets of 20 gm. of ferrous sulphate, 2C ce. of
concentrated sulvhurie acid and 180 ecc¢, of dlstllled

water,

8nlution "E" consiste of 1 volume per cent of
hydrogen/....
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hydrogen neroxlde made up freahly each tlms by dlluting
5 ee, of 20 volumes per cent hydrogen peroxlde to 100 ccg.
with water.

Thia awah wag dealt with in exactly the same way ae
the previous one spart from the lmportant difference that
1t was reaoved after 10 minutes (lnstead of 24 hours)
and centeifusing commenced immedlately.

Lymnh nodes and exudate were dealt with by cutting
them up (if necessary) into semall pleces and grinilng
the materipl in an agate mortar until 1t was homogenoua.
The material vas then halved and the halves treated with
the triasndium phoephate and acid peroxlde lron methods
respectively in exsctly the same manner as described
above,

The four landmarks in the history of the cultural
examination of the Tubercle bacillus are the followlng:
Firetly Koch {1532} manasgzed to cultivate the bacillus
on inspiesated serum; this was followed by Wocard and
Roux (1827} who noted the marked stimuleting effect gly-—
cerol has on the bacillus, They accidently Adlscovered
this ny addaing glycernl (& 4ygroscople substance) to
aerun medla in an e¢lfort to prevent the medis from dry-
1nz out on incubation,

Abinont lmmedlately afterwards Pawlowaky (1888) de-
vised & potato eylinder wmedlium whicih pustained the growth
nf the tuvercle bacillus, and finally Dorset (1902; 1203)
Aescribed an ineplasated whol: ey mediur which slse

oenmoted the growth of the acilllusa.

Sinze then, nearly every bacterlologlst Ainterested
in the sublect of tuberculosls has deemed 1t neceasary
to Ilntrojuce a "new! medilum (Plasecka-Zeyland, 1938).
Thia medium, which 12 u=sually only a modifiestion nf_
some exletling medlum, bears the nsme of 1te originator

and wayaily recelvea 1ltas gresatest avprobation from the
anme soures,

Thus/.....
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Thuas practically 81l of the medla use all, or some
comblnation of, the Tundamental Injredlents, protein,
carbohydrate, fat end mlrerals In the form of emw &, milk,
eraap, potatoes, glycerol snd serur or amino acids. inre
recently 2281t1lonel mineral salts have been lntroducad
as mitrlsnts and bufferlng agents, and dyes such as
gentlen {or erystal) violet, malachite green or congo red
heve been added In minute ammunta to act sg bacterlos
statle apents ageinat contaminants,

apurt from the investizstions by terrold (1931),
Gorper and Cohm (1933}, Schwabacher (19%6«37), Tubog and
Taylg {1946), Dubos and diddlebrogk (1947) and Corper
and Chan (1952), few sthempts have been made at defining
the exact nutrient requirescents of the tuberele haeillus
and I arree wlth the opinlon of Corper snd Cohn (1742}
that most melis are glmply compounds of two or more of
thie lngredients merntloned above, reminiscent of the "shot
gun" prescriptiona 1In therapzutics of bygons danya.

Thus, blood, potatnes and plycerol have been combined
¢ith agar 1o varicus proportiona to glve modifications of
the lordet=Gengou mediam by Wishulow (1932), Alexander
{(1934) und Tarsals and ¥rlaeh {(1951),

Pawlowaky's original poteate eylinder has been modified
by Corper snd Uyel (1928; 1629; 1950) by the additlon of
crystal violaet to the potato.

Toreet'a orlgined eicp medium was modlfied by Lubsnhau
{1907} who replaved the weter in the origlnal medium wilth
glycerlne broth, by Petroff (1915) who added Gentlan
Violet to the mecalum and by ‘ooly snd Petrik (1931) who
repleeed the glycsrine broth by a glycerinated potato
extract snd chanped the dye to crystal violet,

The uge of whole epy has been guestloned by workers
1ike herrold (1931}, Corpsr and Cohn (1933), Blacklock

urﬂ/-..a. =



and Griffin (1955) and Schwavacher (1938-37) whn have auggen—
ted the uge of 2= volune esu yolk %o one volume glycer-
inated potato extrect, one volume of glycerinated water
or saline resnectlvely. Herrold ases nutrient agar to
overcome the process of lnarlscation,

¥ore complicated medla have been suggestad by Pe-
tragnanl (1926) and Sweany and Evanoff (1u28) consleting
of milk, ¢rean, nentones or meat extracts, rotatoes and
glycernl, Lowenatelin (1924; 1933) compounded whole egys,
notato flour, glycerol and & dye (malachlte green) and
alded various mineral salts as sadditlonal nutriente and
buffering agente, This mediurn nas subssquently been
modified in the amount of the different nutrientr added ‘
and thoe nature of the buffering agents emnloyed, hy Jenaen
(1222) and Holm and Lester (19471). ‘

Purely synthetic medla have bzen introduaced by Pros=-
kauer and Yeck (18v4), Long (1913), lLon; snd 3iebert
(1926) and Kirchner {(14.02). These media consist of
anino acids (usually asparagine) and various mincral ealts
functioning ae addlitional nutlriente and bufferinz agents,
The above medla have been modified by numerous workers,
usually by the addition of eerum or furtner nrotein (Dubos
and MidAlebrook, 1947; Lowry and Berry, 1950). Growth
ou these fluld medla vensglly anneared zs a aurface npelliele
and Dubos (1245) obtained diffuse subsurface growth in
Long'e aynthetic medium by adding to it a dlapersing agent
in the form of an Olele acid eater (Tween Q0),. On hy-
Arnlyelas, hovever, free olele acld 1= ilberatel whlch 1s |
toxie ta the thberele baclllue, Thiz toxicity 1is cvercome
by the aldition of an albumin Traction of bovine serum to
the medium,

The media used Tor Leolstion in this inveetization

were the followling!-

1) Three/...




21.

{1) Three parts mhnrle egg (hy wlume) %o sne
part water (Dorset, 1902},

(2) Three parts epg yolk (by weight) to one
part water with plycerol added to make e
3% solution (Corper, 1633)

{(3) Three parts egg yolk (by volume) %0 one
part potzto oxtriet (modified Blackloek
and Griffin, 193%).

(4) A buffered whole epg=potato flower medium
(Lowensteln as modified by Jensen, 1932).

The Blacklock and Griffip medium was modlfied simply
hy the omlisesion of glyeerol.

It will be observed that two of these medla contain
na glyecerol, This is very important (o2s will he dis-
cussed later}, for isolation on glyecerine ree media 1s
essential if reliance is to De placed on various cultural
characterlstics of the brganiéms for tyvpe determination,

Crystal vinlet was added to the first three of these
madis In very low concentrations not for sny hacterloe
statie action which 1t may possibly exert on the growth
of econfaminants, bt simply to glve a mrlight e¢olour con-
trazst to the media,

The Lowensteln Jensen medium was not modified in any
WE Y .

Fresh medis were prepared at weekly interwvals, and
dispensed ip roughly 5 cg. amounts in sterlle 1 oz,
FeCartney bottles whieh were then sloped in an inspissator
at 80-8% degrees Centigrade for exectly 23 hours, Af ter
24 hours incubatiwmm, the sterile media were ready for
vse,

The concentration of the erystul vialef added was
redueed Trom the usually recommended bzcteriostatic onne
centration of 0,01% to 0,00258 (0.5 c¢c. of a 0,5% watery
solution of erystal vinlst to every 100 cc. of medium),

The malachite gre~n dye was added in the bacterio-
static doze reecommended ~ 0,025%,

Throughout the investigation new laid epgs were

abtained/ . .wess
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obtglned frem the same smres, and were sonked in 707
athrl alestol for 1% minutes before use, They were
then dried and broken ints sterile measvring evlinders
aftsr separation of the yolk if neeceszary. Thin egp
fiuld was homogenised in a Waring blender, and was then
ready for ineorpnration in the wvarlious medin.

Darsef‘s medium was eompounded by adding one rart
{by volume) of sterile water to three parts of whole 2g
Auid and dispensing as described shove after the addi-
tion of 0,.0025% of crvstal vionlet,

Corper's medium vas prepared by the addition of three
parts (hy weight) of sterile epp wnlk to one parit of
sterile water, and adding 3% plycerol to the mixture,

By performling a simple experiment, the welght measurements
were eonverted to volumetric ones, thus faellitzating the
making of the medium. After the addlition of the erystal
viclet it was dispensed as ashove,

The potatn extract of Dlacklnek ang Griffin's medium
mag prepared by bniling sne part {by welght} of very
thinly =zlieed potatoes in four parts of water for hzlf
an hour, and then letiing the sediment settle.  The
supernciant was the potato extract., This was added to
egg yolk finld in the proportinn {(by volume) of one part
potatn extract to three parts epe vnlk, After adding
0,0025% of crystal vilolet, it was ready for dispensing.

Lowetiatedin Jensen medium was prepared as follomws:-
Using only anulytle grade resgents, the milneral buffering
solution eoncisted nf 0,4% potassium dihydrogen prasphate,
0,047 magnesium sulyhate, 0,47 magresium cltrzte, 0,6%
asparagin and 2% plycerol iIn distilled water, The =olu=-
tirn was pleeed In an Arnold steamer for twn hours and

then allowed to canl overnight,

Thef'..'.
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Tne next day 5% potato starch ¥Wasz added to the solu-
tion in & bolling vater bath untll a matlefactory paste
wasz produced, and then allowed to rerain in a water bath
at 55 degrees Centligrade [or an hour. Whole eyg fiuld
was then addedl in the snroportion of 5 narte (hy volume)
egg fluid to three parta salt starch solution.

After the addition of 0,025Y malachite green, the

medium Wwas dlspensed and ineplesated as described above.

Resulte.

The reanlte »f gulnes =iy inoculation are the fellnw-
ing:

Ante martenm caaca waro Adervived from cerebro=splnal
fluild nhtsined from 200 ecasre of suenected tuberculous
meningitia, Of these, four neases suhsequently proved
to be non-=tnherculona {(three F,irfluenzae and one treated
caar af mneunacocenl seningitie), Niarorarding these
four cpaca, the resulte can be tabulated as followa:

Table TIT.

TLGE 111,
KiTE-LDnTEE JISOLATION 3Y GUIRZEA=FIG IhGCULATION.

Kumber oi Humber ol Guires= o aviderce of Tubercylasle

ainea=ige | Flea who dled nre- Tnhereyloeln Toaftive eiter|? Tosltivas,

Irocyleted maturaly of lrtar-| aiter o=14 waaiB| o= wesxa,
curre~t dlissasne.

166 i 1] 4 | 182 p

Yoat mortem ce=eg were derived from 6 caees not obtalin-

ed durlng life and another 71 cpasesa who dled before results

af their ante morten cultures wer: kxnown to De nositive.
The results of theae 37 cases are =zet out in Tabls

iv.

Table IV/.....



TARLT TV

DPO3T-EORTIY  ISOLATICH BY GUINTA-FIS IHOOULATION

samher af Humber af Suines- |[No evlience of
Falnesa—Plge Piga whe died pre-| Tuberculoelo
Inoculated !maturely of Inter-|a’ter 3.10 weoko
| current dlecase

Tuberoulnein
Poetiive oftor % Poeltivep
G-f1 we:lp

a7 = c o

]

HE.T

Ante nortem and poet zortem reeults carn be combined

sa follows: Tables V.

TARLF ¥.

CMBISED FBFSULTS OF GUTNTA-PIG TROCTLATTON

Humber of ’
Number of [Fumber af  Kumbher of Numher of Guinea=Pigs 'Numher of % PISI-
Tndivwidnal |Guinca~-Pips | POSITIVE HFGATTVE #hn Aled Af |PATTTIVE (TIVF
pases, Innculated, |Guinea=Ples| Grinea=FPles| Tntoreurrent caces, CASRS,
Mengse,
196+ & 233 21% 4 16 | 1PE c3,0,
| | i |

In 36 cases 1t was necessary to ohtain cultures from
tuherculnias gulnea nige, The material waes only nlanted
ontn Dorset's medium, and in every cese all the cultures
inaculated were mpoeltive — thers belng no fallurea and
no eontaminetion, The lapreseion iz thet paterial rom
lymnh nodes yielded the most abundsnt zrowth,

Reanlts of direct cultural isolatlon are the followlng:
Of the 200 csses from which cerebro-spinal fluld was ob-
tained during ifr, four, 88 mentloned ahove, were based
on wrong diegncees, leavipng 196 indlvidual cases to be
consldered.

These results are set out in Table VI.

Table VI/.....



TABLE IX

RFSULTS OF GUINEA=PIG

AFT CULTIRAL TESTS.

12i5.4

Y¥oe. of
IrdiviAyal HSITIVE by Guineas -~ FOSITIV™ G=pip NOGATIV Gepip FREGATIVT
Cnres e Iracu{ﬁ tion. NHITIVE by Culture NEGATIVE Culture| TOSITIVE Culture|G=-pig »nd Culture
Onvocti~-ted,
¥o of | 4 No of 4 Yo of 4 o of |« S o P
Cnses ; Positive Cacesg Positive Crses "paitive Cnspa_i ‘ Cases
| .
202 188 f 93.0 197 975 3 1.4 2 92
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TABLFE VI
. A3 TH-VORTEY ISOLATICh 3Y CULTULAL 7 T0DS.
Fo. of Cacses 2
b3, of Cascs, isnlated s dgEee
by Culture, isnlaten,
.
196 191 9743

roet mortezn cerebro-splnel fluild was obtalned frosz
glx cages not obtatned ante mortem and 31 cases where
deatn asccurred before the ante morten cultures Jers xnoWwn
ta be posltive,

Theas reasulis nre 3=t nut in Tabhle VII.

TABLE VII
FOST=-KORTFEM ISOLATION BY CULTUKAL METHOD
Nn, of Jaszes  LaSes
Noa, of Cases. 1znlated Isnlsted.
by Culture,
a5 34 91.8

These resnlts car »e gosbined as follows: Table VIII,
TaBLF VIIT

D FESULTS OF CULTURAL MT TH LS,
Fo. AT Cases | &% Cases |
Indiviinal Isoluted, . Isolzted,
Cases, :

; -+
196+ 6 197 $7.5

-

"

in Txbia IX on rhe.npﬂﬂuite page the results of
guinea pig and eullural testas are compared.

In eomparing the =reulte of guilnea nig inoculation
and direect culture, the followini; must be kept in mind.
Tirst]ly, the results must be striotly copparable by
making the gisntitles of mwaterial seaded on redla and
innculated into guinea —ise enual, thur introducling the
smallest possible sampling ermr {ferg, 1941},

Secondly, the tyre of tubercle bacilli found in the

specinens nust be ponaidered, for sithough my bovine

atrains/.....



atralneg were posliivzs by both wotheds, &% i 510 eeftabhllish-
2d fact (Holm and Leater, 194); ¥eIntosh et al., 1945)
that izulpnza nilg incoulation is superlor ho dlveet culti-
Tvation for isalation of the bovine bacllilus, esneclally

1f zlyesrine enntalning medla are used {Svenoff and
Gweany, 19293 Ferlson, 194C),

Thirdly the naturs snd nuaber of medla utillzed, as
alsn the nuiber and atate of health of the gulnes plgs
uaed, will affect the rasults, for as Crulckshank (1951)
has ghown it ie necescary to ipoculate & tubes of media
ts obtain the maximuw nurher of neositlva enltures, e
only one tnbe ig uased per caz2e, the cujtural mathod 1la
nat funetloning as efficiently as posqallle, for 1% aome-
timea happens that, due to scanty nuanbers of organicms
helng nreasnt in the ineculum or due ta feuldty technlaue,
with tws or nore tubesg of the z3ame medlum inceulated with
the sawe wateplzal, oue ar mere oY the tubes may ahow no
growth or he avergrown with contaminante, in the pres:znce
of other tulesz ghowlng calonies af tubercle hecllll.

Algo Fulnea plge may dle of Inferourrent dleemee,
and 1in the evant of anly one guinea vls belng gaed per
cgar, the result 12 immedlately nepative as far as
guinao »lz Ysolation is eccncerned,

This lstter conzlderatinn largely expleaina the dis-
parity {not really statistically asimniflcant as P = 0,014)
existing between resulte of the twn methnds of isoletlon
for elthough the same total gquantlity of fluld was ueed
for the sulnes pig and cultursl methods, the fluld fer
the latier methoed waes distributed cver gt lemst four
{usually sight) media, vhils sole re=liance was placed an
only one guirea nig, An enalysia of uncomlefed casnes

13 saf out in Fable XH.
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strains were posaltive 2y both nethods, 1% 1z =2n ecetablish-
ed fact (Holm and lLeater, 19413 MeIntosh et al., 1945)
that gulnen pnlg incoulation 1a superior to dlrecet culti-
vatlon for isolatisn of the bovine bacillus, esneclally

if glycerine containing medla are used (Tvanoff and
Sweany, 1922: Esarlsan, 194C), -

Thirdly tha neture and number of medla utllized, as
alao the number ani state of health of the gulnea plgs
used, will effect the results, for as Crulckshank {1351)
hea ahown 1t leg necsssary to inoculate 5 tuhez af medin
to ottain the maximom number of nositlve eultures, 0
only one tube i3 umed per ox3e, the cultural mathod 1im
not Tunetloning ae efficiently as posslble, for it gonew
times hacpeaa that, due fto escanty numbars of organiems
belng praacent in the Llnoculum or due to faulty techniaue,
wlth tws or nore tubes of the aame medium inceulated with
the sage materlal, one or mere of the tubes may show no
growth or be overgrovn wilth contaminante, in the presznece
af ather tuhes showing colonle:z of tubercle bacllll,

Al=o sulnes nlge may dle of Intercurrent diepeare,
anl 1n the event of anly one gulnea vilg belng veed per
cean, the reault itz lmmedlately nezative as far as
galnea pig lsolation 1= connsrned,

This latter ceonzlderation largely explelns the dis-
parity (not really statistically slyniflcant as F = 0,014)
axlstling hetween results of the two methods of lsnlsation
faor elthough the same tobal quantliy of luld was used
for the gulnes nlg and cultursl methods, the fluld for
the latter method was dliptributed over et lessat Tour
{usunlly elght) medla, while sole relimnce Was placed on
only one zuilrsa nle, An enalyals of uncompleted cpceas

18 set out in Table X.
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ATEE X
EHATYSTS R TIRG VAPIETET GASTER.

fumbayr ol CA-aa, Tneomplated "mata,

Gulneasrlra, ; Tulture Setao.

Hamier Poroankbugs Humbar Perrantige
156 [Anti=Nortam) 10 5.l & b
37 {Poztesortem) ] & 16.2 5 - s
|

Uncompletad teats refer bto progecurcs which had to be abandored breozas
of the deeth 2f the gulnaa-plg due to intercurrent dissusss, or conta-
minetlon of ull tubea of B colture sot,

There have been numerous mnurts of comparlsona of
the two methods of isolatlon in the literature, soOme au=-
thore not paying encugh atterntion to the above mentioned
noints, but suffice it to aay that practically every
kniown medlum has at one or other stage of 1is career been
pltted agai?et the guines pig with various and variable
rewulta, Hovever, workera llke Stadnishenko and Sweany
(1931), Feldman (1931), Herman et al. (1932), Guggenheim
and Finkelateln (19392), Hoyt et al. (1539-4C), Whltehead
(1540) and Sasons et al. (1941) have revorted better re-
aults with guinea pig inoculatlon while Herrold (1931},
McHabb and Wilson (1922), Norten et al. (1232), Hirchberg
{1933=34), MeNWNabb {1936), Uk1ll and Thakurta (1936), Mur-
phy and Duerschner (1038-33), Holm and Lester (1941},
Roberte et al., (1950) and Weed and Heedham (1950) have
had greater succees with cultural methods of lsolation.

In every reported series, however (as also in ny
geries!, cultures are positlve for a particular case
when the corresponding guinea plig is negative and visa
veraa, and deapite the advantage which the guinea pig
offera of automatically distinguishing between paprovhy-
tic and nathogenle mycobacteria {¥eed, 1951) the logical
conclueion (which most of the abnve authors advise) ia to
employ both methoda of 1solation for each gpecimen (Fried-

mann and Rodan, 1947),

Thue/ .. ...
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Thug by employing Doth methods of iselatlen in this
inveatigation, 200 caseg were ianlataed out of a Untal of
206 attenpted cases, Four aof the slx fallures can be
attributed to mladlagnosea (3 Y.inflnenzae meningitides
and one case of treated pepumococcal meningltia) leaving
twe cre=e Yo be zecounted Tor.

These two pases were negative by both methode (uncom-
pleted in both inatabces), but acid and alcohel fast
bactllil morphologlicelly resenbling M, tuberculosir were
sventurlly found on Aireets mlerescopy of the cerebros
aninal fluid and the subseguent clinical esurse of these
tws patienta tended to conflrm the diagnosis of tubercu-
love meningitis whirch wes thue missed by both methels of
isnlatlon. Thie 1g pot 2 very uncommen occurrence and
in ¢ meries af 18 cesz: of tubevenlows meningitie, Sailth,
Vollum 2nd Calrpe (1948) sleo describe one case where
bath cultural methods wers negzative, deaplte demonstrating
the presence of the organisme in dlrect amears,

Ae the fluld we=s equally Aivlded batwean the wvarlosus
media uszed, campparisons ss to the effiolency of the medla
einployed can be made, This 15 =et out on the onnosite
race 1o Tabls XI.

Combining ante mortez and post mortem resulta, the
following filgures are ohtained: Tahle XII.

Ticls 0. Xl.
COLEINED: ANTE=koiTEl AND POCT=WURTER H3°LITLE,

Tatal |Dorsett's cluck= Corperts | Lovens
_ Lacks ztein's,
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aens | 439 | #77.8] 41z |91.8| 263 | 507 369 | Bl.1] i85 jEs.S
Vezative Speci=
Tens ]
Tedats Contzni=
nated 11 Zad
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Thus by smployin+ Dath wmathodas of iz0istion 1n thia
invegtigation, 200 cases wvepre lanlsisd out of s total of
206 attempted casen, Four of the elx fatlures can be
attrituted to mladilagnoses {3 Y. influenzae meningitides
and one case of trested penumocorcal meningitia) leaving
two cmeze to be secounted Tor.

Theas $70 razes wepe pnegative by both methode {uncom-
pleted in both instanceg), hut acid snd sienhol faszt
bacilil morrholegleslly reseabling ¥, %uberculosis were
sventually foun? on Alreet miercscopy of the cerebro-
eninal fluid and the aubsegquent clinlcal course of these
tws patiente tended to confirm the Aiaznoeils of tubsreu-
loce mepingltls whirh waez thus mi=ged by both methoils of
1ealetion, This 18 not g very uancoooon occygrrance and
in = serlee of 18 cescs of tubereulouz meningitie, 3Smith,

Vollum snd Cairne (1944} £1e0 Zesopribe one case where

biath enlitural methode wepe negaltlive, dsenite demonstrating

the preeesnce Af the organizgns in Airpect smears,

he the fluld waz egally dlvided batween the various
media need, comparisons as to the ef“iolepey of the medla
enmcloved can be maie. This 12 aet nut on the on-orllsa
race in Table XI,

Combining ante mortexr and nost moprtem resulta, the
following flgures sre ohtained: Table XIT.
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Theese results indicate a etatistleally significant
difference in the efflctency of Dorset's medlum over all
the otner media -~ Darset's versus Blacklock's, P < 0,00008;
Dorset's wversue Gorper'a,F'C0.0DDGE; and Doreset's varsus
Lowengtein'a,P = 00,0023 - and tend to confirm the findings
of Griffith and Griffith (1907}, Herrold (1231}, Corper
and Cohn (1933), Schwabacher {1837) and McCarter and Kanne
(1942) that a medium conslgtling of 2e3 parte whole epg
or egy yolk Lo one part vwater or saline, 1ls ea, or more,
efficlent then othepr more compllicated medla, l.e. the
Lowenstelpn-Jensen medlum.

The Tact that & glycerine free medium (Dorset) was
the moat successful, and that by the use of two glycer-
ine fr=e medles {Doreet's and Blacklock's} all but one
of the lanlated stralns was obtalned on nne or other or
hoth of these media, tends to econflrm the findings of
Corner apd Cohn (1953) and Dubos and Middlebroak (1547)
that desnite the marked effect wnich glycerol has on
the growth of certain stralns of tubercle bacllli, 1t 1=a
not essential for the initletlion of growth on artificiel
medla,

In the one 1natance where both these media were
negative, growth wes obtalned on a glycerol free medlum
hy culturing the tissues of the correapondlng gulnea plg.

Replacement of the water in the Doreet type of
medium by a notato extract (done in the potato egp medlum
of Blacklock and Griffin) serves no ueeful purpose as cAnN
be seen from the relatlve inefflciency of thls medlium,
and hae besn remarked upon by Corner and Cohn (1233},

A8 each met af four medla were invariably incculated
Tfrom the contents of one teat tube, the alight Alsparity
in the contamlnation rates of the dlfferent medla must
be macribed to faulty technlique, and it is worthy of
note that Lowensteln's medium with its dye (malachlite
green) 1n supposedly bacteriostatie concentratlons

(0,086%)/.....
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These reaults indilcate a statistleally siznificant
aifferﬂnc@ it the effleiency of Dorset's medium over all
the other wedia - Dorset's versus Blacklock's, P < 0,000085;
Doreet's versgus Corper's,P <0.0000%; and Doreet's verszue
Lowensteints,P = 0,N023 -~ and tend to eanflrm the findings
of Griffith and Griffith (1907), Herrold (1231}, Corper
and Cohn (1933), Schwabacher (1527) and McCerter and Kanne
(1942) that a medium conalatlng of 2-% parta whole epg
or #k¢ ¥olk to one part watar or spaline, 1= sa, ar more,
af ficlent then other more compllcated medla, 1,e. the
Lowenatein-Jensen medlium.

The fact that & lycerine fres medium (Doreet) wae
the moat auceeastul, and that hy the uge of two glycer-
ine free medle {(Doreset's and Blacklock'a) all but one
of the 1snlated stralna waa obtained on one or other or
hoth of these medla, tends to confirm the findinga of
Corner and Cohn (1853} and Duboe and Fiddlebronk (1947}
that desnite the marked effect which glycerol has on
the growth of certaln stralne of tubercle baellll, 1t 18
not esaentlal for the initiation of growth on artirficilal
media,

In the one instance where both these medls were
negative, growth wes obtained on a glycerol free medium
by culturing the tisaues of the correspondlng guines mig.

Replecement of the water in the Dorset type of
medium by a notato extract {done in the potato epg medium
of Hlacklock and Griffin} serves no useful pur-ose ag can
be seen from the relative inefficliency aof thls medlum,
and has been remarked unon by Corper and Cohn (1933),

Ag earh aet of four media were invarisbly inoculated
from the contents of one test tube, the alight disparity
in the contamination rates of the Alfferent medla mist
be macribed to faulty technlque, and it 13 worthy eof
note that Lowensteln's medium with 1ts dye {malachite
green) 1n sunposedly bacteriostatic concentratlions

(O.028%37 coivinn
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(0.025%) had a =lightly higher enntamination rate (not
stgnilficant however) than Dorset's medium to which very
10w eoncentrations (0.,0025%) of erystal violet had heen
gdded merely to obtain a slight colour eontrast between
the mecium and the eolnnles of tuberele bacllli, and tends
to support the findings of Corper and Cohn (1933}).

Thile no attention was paild to the rate or qguantity
2f growth on the different media, the Imnpressisn 1s that
colonies tended to appear earlier and be more numerous
48 #% 1rule an Loweristeln's medium, and an interesting fact
1s that gquite regardless of the medium in which the
fibrinnus clot was imbedded, growth invariably occurred
aroung tha clot provided there was no contamination
present,

As repards the results of culture of contaminated
materin] treated with the concentrating agents, cultures
were obtalned from eacn case by bpoth methods employed
and slthough no really sipnifiecant dliference exlsted
in the total positive rates of the two methods (P=0,0107),
the significant 4ifference present in ths total eontam-
tnatlon rates (P<0,00003) proved the trisodium phosphate
pragedure to homogenise material and destroy contaminge
ting organisms wore satlsfactorily than Jungmann's mee
thod as shown on the oppoasite puge 1n Tahle XITI,

Combining the results of the two methods of concen-

tration in Table XIV (Lelow) it 48 seen that Lowenstein's
TASLE ho. KIV.
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medium replaers Dorset®s medium as being most satisfactory
although the disparity 1Is not statistically sipnificant

(F = 0.13). While the difference existing hetween the
results obtained on Dnrset's and Corper's media are

again significant (P< 0,00005), comparison nf results

on Deorsetls and Blackloel's media on this oerasion do

not reveal anv real significant difference (P = 0,01734)

and tends to support the contention that 1little or no

%

real difference exists hetween the wvarlous medla employ
ed, the simple ones generally being as effiecirnt as the
more eomplieated media, although in this instance
material (basal exudate), probably containing many more
tuberecle baellll per unit volume than material (cerebro-
spinal fluid) dealt with in the previous expertment,

was empléied,



32.

TYPF DFEYFRMINATION OF ISDL&E?D OEGANYSMS,

Human and bovine tuberele bacilll pnssess certaln
characteristics which nmake 1t possihle to differentiate
them guite definitely In most Instances.

These chzracteristics are the followinp:-

Morphnlopy.

Az a rule the human type of baclllus tends tn bhe
long, thin and curved and to show granular staining.
The bovine type on the other hand tends to be shorter,
straight and tkick with more uniform staining. Their
marphnlngy, however, 1z so varlable and is sn dependant
on environmental factors, that no relisnce whatsoever
can be placed on these characteristics as &8 means of
distinguishing the types, This has been penerally ac-
eepted by all investigoators, and has been completely
ignored in this Iinvestigation,

Culturzl Characteristigs.

Smith (1896) was the first ta nnote that tuberecle
bacilli isolauted from human sputum grew freely on serum
while organisms 1lsolated from cattle grew very sSparsely
nn that medium.

Dorset (1902) foundi that on the mgg medium Aevised
by himeelf similar differences existed hetween the
bacilll isolated from these two sources, Group 1
(bovine type) showed scanty growth, and in cultures
from the guinea pig the eolonlies were cmall, flat and
tended to eoslesce, The growth in fresh cultures was
molst, glistening, and could easily be brought Iinto a
state of fine subdivision in bouillon., Group 2 (human
type) in original cultures showed round, elevated
eolonies, and in subculture the growth was more abundant
than in group 1, and c¢could not be hroken up so easily,
being also more adherent to the medium,

The sharpest separatinn Iinto different types,

howeveT/ .. e
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hawever, was made by Kos=el, Yeber and Heuss (19C4; 18905)
who, by using glycerine boulllon aa the d4lfferentiating
medium, noted that the one tyne (human} grew luxuriantly
and rapldly while the other type {bovine) grew sparsely,
more 8loWwly and unrsliably.

Thie was the first time that glyeerine had been uaed
in a Aifferentiating medium, but the results were acon
confirmed by many workers including the British Roysl
Commission on Tuberculosie (R.C,T,, 1907a).

The conclusions mes to the cultural cheracteristics
as ziven by the Royal Commis=lon are somewhat compliceted
by the varying methodes employed by itas different investi-
gatora, but in general, basing conclusions only on the
amount and rapidlty of growth, they eocnclude that all
cultures fall into two bhroad classees - s dysgoniec or
poorly growlngr elaas=, and a ewgonie or good growing
class (R,C,T., 1907h). They alan atate that dAlfferencas
in growth become more marked on media containing glycerol,
as gro¥wth of early culturea of the first proup le Iittle
if at all &lded by glycerol while members of the second
cless nsualily fTlourish more luxurliantly than ever
(glyeerophille),

They o on to state, however, (R.C.T., 1907c) that
variations do oceur and that the hetter growing ocultursea
of the firat class may differ very slightly, or aprroxi-
mate completely, to rather noorly growing cultures of
the sec¢ond clasa, Thue whils thia method of differen=-
tiation can nossibly be relled on in the vast malority
of oulturees, becaunse of the above mentioned variante,
ErToneous resultp can be expected if sole rellance is
rlaced on this method,

Annther cultural charscterlstie to he considered as
B pocsible meane of dlfferentistlon 1s the proverty of

pigmentation. Arpad (18904} stated qulte definitely
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that the formatlon of an orange $6 brick red plgment on
potate was a dlstinetive charescteriatic of the human
type of baglllusa,

Later investigatlions have, hawever, founi this very
frregular in appearance (Park and Krumweide, 1910a;
Rlackloeck, 1232b) and not invariably correct (Park and
Krumwelde, 1910a} ea these lnvestlgators found some of
thelr bovine stralns to be almilarly pigmented. Novick
(1919) aleo describes a pigmented bovine straln in hie
perlen of meningitis cases,

On other media (serum or egg) plgmentation is even
more varlable, Grlfflth (1916}, uaing insnisesated bo-
vine serum found plgmentatlion to he very characterlatic
of the human varlety, but subsequent workers llke Black-
1nck (1932b) found 1t to be very varishle and to depend
largely on the particular serum used,

Egg medla are even less reliable =8 many human
etrain=s fall to produce pigment on such medils, although
Park and KrumwWelde {1910b} d0 report some succese with
1t. PBlacklock (1932b) however reparts some of his bo-
vine stralns ga snowling plnk plgmentatlon on egyg wedla,

The above cAn be surmariaed by statlng that although
definite pigmentatibn {epveclially on potato) 1ls suugeps
tive of a particular atraln being of the human tyne,
this result should be correlated with reeulis of other
typing experlments before the organlem 1f finglly classed
asg helongling to one or other of the types,

Another possible Alfferentinting feature bhetween
the two types wea dilscovered in 1904-5 by Theohald 8mith
who published his chaservatione on & charpcterlstle dirf-
ference 1o reaction curves cbialned when the human and
bovine types of tubercls bacilll were grown In glyecerine
broth with an initial acid reactlion to ohenolphtha-

lein. The bovline tubercie bacillue durlng growth

gradually/ ...



graduanl ly decreased the aclidity »f the medium until
Tinally the reaction was about neutral. The human
baclllus on the other hand, after initial alkall rvro-
duction, roon cauged the medium to revert to its initial
low pH. That is to asay, the final reaction of the
bovine culture waa about neutral whereass that of the
human cultures was deecidedly acld,

Smith's view briefly was that Lhe hunan type Was
able to utillze glycerol with consequént production of
&cla, wihiereas tne bovine bacillus was unable to use 1it,
and so cau=ed an lnoreased hydrolysis of protein ana an
alkaline resction. However the resctleon curve of bproth
caltures ia det-rwined by =0 nany factors, such as the
vroductlion of asmonla, carbon dloxide, amine acids and
gther pubstances some of whlch are volatile, that it 1is
plmest impossible to det=rmine whether the production of
acld is due to dleintegration of the glycerol by the
heclilll or to hydrnlysle of protein meterial,

The general opinlot) regardlng this fest is that as
a rule the reaction curves of th=s two types differ erzctly
as Smith clsimed, but thst this difference is not to Le
exnlalined on any fundamentel physiolozical difference
(Harden, 191:s) in the metabolism of the two types, such
#e a canacity, or want of g cavnecity to utillae glycerol
and en form acid from it as Swith malntsined, but rather
that these differences are simply related £t the
different rates and ouanrntity of crowih oF the two types
of organism (R.C,T., 1911la),

Thua such differences of resctlon as are observed
only serve 1n effect to glve infnrmation of the asame
kind as can be obhtained more easglly by observing the
rete snd guantity of growth on varinus golld medlan,

“hen the technical Aifficultlee snd the time (up to

4 months/.. ..
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3 montha)] required for thias test are considered, it 1a
anall waonder that very few Investlpgalors have employed

it at all, and certalnly none hsve used it durlng the
last two decades. It hse been completely disregarded in
the present investigation.

Antigenle Btructure.

Although Schaeffer {1940) tlaimed to have isolated
a nroteln antigen specific for the bhovine Type of bacll-
lus, there is ss yet no recognised serological method
of dietingulshing between the tweo types of memmalian
tubercle bacillt {Bergey, 1948; Topley and Wilson, 1948c),
and there have heen no reporte of type determination by

such methods,

Of the wverlous differentiating teste mentloned
ahove, only those of growth and plgmentation on =o0lld
medla are generslly employed, znd variouns tecanlcal de-
tails concerning these tests wWilll now be diacussed,

Accepting the fact that the most eanstant difference
noted ac far between the o tynes 18 In thelr relative
ampunta of growth, the problem 1= how beat to demonstrate
thi= Alsnerity.

It is freely conceded that there 18 a alowly lncres-
eing lumriance of growth evldent in most airains upon
repeated subculture in the laboratory resulting from
a progressive adaptation to an artificlal exlatence,
(Park and Xrumwzide, 1910c; Cobbett, 1817a; Blacklock,
1932¢; and Topley and Wilson, 1%48a).

The questicn thersfore arises at what period of
sapropinytic life are cultural iype characterliatice likely
to be moat dlmtinet.

It might be thought that the moet favourable period

5 B ACGU
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for bringing ou%t the dlfferencesa in the cultural charac-
terietice of the different types would be when they are
gtill recently leolated from the animal bady and before
adanptation to the new pondltions of seprophytlc exletence
has had time to blunt the points of disetinction, But,
as Topley and Wilson (1948a) polnt cut, both human and
hovine bacllll are eguelly astrict naraaites and both re-
qulre & certain time to develop thelr representative
capacltlies for growlng on artificlal mediad moregver,
in eaeh type different strains adspt themselves to arti-
Tielal medla with different dedrees of rapldity and be
caise it 19 not =20 much the readlness with whiceh a given
dtrain will grow on artificlel medla at the atart which
gives us the desired intimation of the type of the
strein, es the character snd thz degree of luxurlence of
growth when once the prelimlnary difficulties of adanta-
tion to a new envlironment have baen overcome, It 1=
for this reason that 1t 1is rprobably less essy to Judge
the tyve of the strain from firat generatlon culfureas.
However, although Cobbett (1917b) meintains that there
is no need to hurry the examination, mcet investigatora
prefer to nroceed with the investigstlon on the flrsti,
or more freguently, %the epecond or third generstione,
noting that the distinctlon tends to bécome less marked
when later pgeperatione are used,

There 1s, hovever, comnlete unanimity ahout the fact
that 1soletion of the organlasm must be made on glycerol
free medla, and mll subcultures for typlng purposes done
from these medla. This 1= so bhecause the bovine bacil-
lus can adapt itselfl very well Lo glycersl and eventual-
1y come to be qulte sugonic 1n character,

The next guestlon which arlees, 1s at what age are
the characters of a particulsr culture most elearly mar-
ked; in other worda, le 1% the rapldlty of growth or the

guartity of prowth which is moat important to determlne.
Contimied/ ... ..
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Continued growth bheyond =4 weeksa 1ef not merked with
eugoniec cultures, while most dyagonle stralne continue
growlng slowly beyond that time (Cobbett, 1917f). Ac-
cording to Cobbet though, the rate of growth 1s a more
varirtile Tactor than ultimate quantity produced and he
regarde the latter aes the mpst lmportant feature. Con-
aequently he prefers to set no particular time limlt
at which eultures should be read for amount of growth,
and Judges each case individually.

Park and Krumwelde (12104) however, set a time limlt
of & weeks Tor growth to occur on their cultures, i,e.
they do take rapldlty of growth into mccount. They ad=-
mit, however, thet compering the growths a week later
(4 weeks instead of 3 wecks) i1d not make any appreclable
difference to results ohtained.

Finally, the ouestlion remalne s8 to what medium 1ie
the beet to use for elleliting thnerne Alfferences in growth,
The ideal medium would have the following propertlea:

{1) It should be uniform in its results, 1.e.
growth should not fluctuate with different
batches of media used,

(2) It should be esneclally adapted for the growth
of eugonic Btraeins sn that the best nosaible
grovth these giraine are canable of 1a brought
ocut.

(3) It would be preferahle 1f growth of dyegonie
atrsing were pomewhat retarded on this medium
as this would widen the gap hetween dyszonle
and eugonlec types and facllitate the interpre-
tation of results,

With regerd to the first polint, in the abeence of =2
sultable synthetle medium, the slmplest nosalble medlium
would be expected to yleid the most reproducible re-
aulta, and Dorset's medlum and a potato medlum imm=dlate-
1y sugpested themselves, Two media were used, for sas
Cobbett (1917g) sugzests, the determination of cultural
characteristica is not ec #aay that one can afford to

lose any information that wight be gained by widenlhig

thal s
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the range of medla employed.

The potatoere and exie used in these mwedla are of
course variable factors as thelr compoeitione are sub-
jeet fo changes, but a certain amount of contrpl can be
exercleed on the latter by obtaining fresh eggs from
the same aource of sunply.

As repgards the second and third rolnts mentloned,
glyeerol 1s the obvious substance to incorporate in the
medina, for while 1%t has a definlte stimulatlng effect
on the growth of most human types, 1t usualiy hes A re-
straining effect (or at the most a very slight stimilating
effect) on bovine typee., Thua with typical atrains at
least, difterences in growih shoulid be meximel.

The media used for type determination are thus the
following:

(1} Dormetta egg medlum prepared in sxactly the
same Way as for lisgolatlion purnoses,

(2) Dorset's medium with glycercl added to make
a final concentration of Bf, vrevarel in ex-
actly the same way as the previous medlurm.

(3} Glycerine notato wedium prevared according to
the method emnloyed by Park and Krumweide (1910k).
Fre==2h potatoes were cut into cylinders by means
of a cork horer With a diameter alightly smaller
than the diameter of the potato tubes used.
The cylinders wepre then cut oblignely in helf,
and the halves soaked in 1:1000 sodium carbonate
golution for about 24 hours, After this the
halves were placed in the potato tubes which were
then filled with a 55 aqueous solution of gly-
cerol and nlaced in an Arnold steam sterlliser
Tor 30 alnutes, after which all but the glycerol
golution remaining 1n the bulb of the tube was
poured off, cotton-wool stonners replaced, and
the tuhes autoclaved at 10 pounds pressure for
twenty minutes,

After inoculation, the cotton-wool stonpers
af the tubes were sealed with parsffin wax,

This medium has the advantage trhat, apart from
giving the ueual growth differences, plgmentory
tendencier of stralns are usually brought out
maximally,

Growth of bovine strailns on these media (altheugh

aubject to definite verliations) are charscteristically
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poor and aparse and usueally laﬁklng in any plygment.
Dysgonism 1s posslidiy best brought out on the glycerine
potato medium and has been used with great success by

Park and Kramwelde (1910b}; Griffith (15189-20}: Bleckloeck
(1932h); Graiffith (1934); and Blacklock and Griffin (1935).
Growth (especially on the egg media) tends to be rather
molst and enulaifies much more readlly than the human type.

The human variety in typical) form is almost the
exsct antitheaisa of the above, It grows well on all
media, especially medla enntalning glycercl, and the dry
heaped-up warty appearance, narticularly on the potato
medium, is very characteristic especislly when plomentation
is premsent ag well,

Ar far as eultural characterietics were concerned,
the tynling procedure waa then as followa: as soon aftar
isolatilon as pozsible flrat generation cultures which
had never come Into conteet with glyecersl were cultured
(in the inoculation box) onto two bottles of vnlaln egz
medium, two bottles of 5% glycerol egg and one notato
Elycerine medlium,

Tne ege medla were incubsted at 37 degrees Centi-
graile for 3 weelrs in ap upright poslticn after the ad-
dition of about 1 c¢e. of sterile amline tao prevent dAry-
ing ocut of the medium.

For ease of recording cultursal luxurisnces, numeri-
cal grades of growth as used by Park and Erumveide (19104}
were adopted, Hine grales vere aprnlbrarlly selected;
thus gredes 1-3 sparse; gradss 4-6 moderate; and gradea
T-3 lumardoue, a8 1llustrated In figures (2) and (3)
on the opnosite pape. The total amcunt of growth in

the tubes was almnly Judged by inspection of the cultures,
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poor and sparde and asesually lacking in any plement.
Iysgzonlism 1ls posslibly bssat brought cut on the glycerine
potato medlum and has been used with great suecess by

Park and Krumwelde (1910b); friffith (1919-20); Rlacklock
(1932h): Griffith (1934); and Blacklock and Griffin (1935).
Growth (especlally on the egg medle) tends to be rather
molst and emulsifies much more readlily than the human type.

The humar variety in typlical form 13 almast the
exnct antithesls of the above. It grows well on all
medla, espscially medla contelning glycerol, and the dry
heaped-up warty appeasrance, rpartlcularly on the notato
medlum, 1ia very characteristic eapeclally when plgmentatlon
s present ap well,

Aes far va enltural characterlatlcs were concerned,
the tyning procedure was then as fonllowe: as soon after
1aolation as posslble first generation cultures which
haed never come into contact with glycern]l were cultured
{in the inoculation bex) onto two bottlea of nlein egm
medium, two bottles of 5% glycerol egg and one notato
glycerine medlum,

Thne ez medils were lncubsated at 37 degreeca Centl-
grale for 3 weels in an uprlight position after the ai-
dltlon of about 1 cc. of aterils saline to prevent dry-
irg out of the medlum.

For eass of recording cultural luxuriances, numerli-
cal grades of growth as used by Park and ¥rumwelde (19104}
were adopted, Mine grades were arbitrarily selected;
thus grades l=3 sparne; grades 4-6 moderate; and grades
7=9 luxurious, as 1llustrsted in flgures (2) and (3)
on the opnoslte page, The total amount of growth 1n

the tubes was elmply Judged by inspectilon of the oultures,
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and as minor variations ocour at timee in the individual
tubea of & det of %rapsfers, 1%t was the rule tn aeslect
the hest psrowling tube of 2ach palr of ecultures for re-
cording the grade, Tt i= only reasonable to conalder
{as Park and Krumwelde, 19104, and Blackloeck, 1932,
augzeat) that the beat tube is an lndex of the ecavacity
of the organlsm to grow under the most favourable con-
iitions.

Glycerine notato tubes were incubated for st least
a month and then left on the bench at ronm tempsrature
far a wazll or t¥n before beinz ro2ad for the anount of
Zrowth and the uvrezeence or absence of plgmentatlion,
Growth waa Judged by 1lnspecticn of the cultures and re-
corded numericelly ae with the e media,

In the event of any of the culturee belng contamina-
ted, the experiment was imvnedlately reneated. Thiz was
Tound to be necesaary on fly oceaslons.

As leolation was attemrpted on -lycerol an® glycerol
free medie, in the event of growth heiny »resent on hoth
tynpes of medla, an indicatlion could often be aobalned as
to the tyne of the narticular orzanlem by comnaring the
growthe on these mella, Juigment of this kind (on
first ceneration growths) wes, hovever, never finsal and

the orocedure outlined above inverisbly carrisd cut.

Y¥irulence Characteristics.

Although early investigatars (Villemin, 1868} had
noticed differences in virulence for animals of tubercu-
lous material derlived from humane and cattle, it wae
gmith (1:96; 1898) who first attemnted %o correlate
these differesnces with results of cultural tests nated
in tubercle bacilll derived from human &nd bovine aources.
8ince then numnerows other worrers {(%,C,T, 19074) have
confirmed theae fipdings thet hovlines, goata, sheen, pigs

and/.....
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ard rabbits, while very suusgeptible to bovine infection,
are relatively resistant to infeetion with the human
type of bacillus,

llere, then, is another method of gosgible distine-
tion between types of tubercle baeilli, and all that re-
maiinis to be discussed are various technienl deballs.

What is the sanimal in whieh these differcncea of
pathogenieity will be most manifest? The most extensgive
investigation performed with this point in mind was
carried out by the British Royal Comrission (1907d) who
came to the conciusion that "the results produced by
in jeeting the hovine tuberele bhacillus into ealves and
rabbitz in the abtiove doses are thus very striking and
definite, and tsken with the culiural characters ol the
bacillus, aflord o trustworthy neana of reeognising the
bovine bhaeillus, Indeed, =23 our investlgation pro-
rresaed, we found thaot il wae suflieient o inoeulate
the rabbit for differentisl disgnosia” VRO 1911¢).

Park and frumweide (1910e), amon;st others, working
aloig tile same lines also found tite rabhit te be perfect-
1y satisfactory for diagnosis of type. e ¢alf and
the rabbit have the important advantage over other ani-
malz in that they very rarely contract natoral tubercu-
long infeetion, =nd while the ealf is considered just
as relisble as the rabbit, its greater coat taken in
con junction with grazing and stabling diffievlties, have
made all suboeguent workers rely on the rabbit to the
exelusion of all other animalsg,

Aecepting the rabbit then as the most satiofactory
animal, what is the most auitable route of infection and
dose of organisma %o enploy? 1t nust be remembered that
the rabbit is definitely morve susceptible to infection
with the humen type of organiam than the ecalf or goat and
congequently the infeeting dose must be more strietly con-
trolled than inﬂthe cage of the latter $wo aninsls

mentioned/ ...
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mentioned, This immedlately exeludes two routes of
infTection which have be=n employed for calvea and goats,
namely feeding and ilnhalatieon, as enart from the Jdanger
to the operator, the dose of baellll cannot be accurate-
ly controlled,

Framer (1912) end Harvey=-Pirie (1932) in this
enuntey have employed an intro-artlceular routes, a method
by whiech 1} cc. of a suspension of organisms 1a injected
into the aynovial cavity cof the knee Joint of the rahbit,
and the taat 1= Juiged on the degree of digablllty re-
eulting. Aeecording to them the human type produces at
moat a translent dlsturbance of functlion while the bHo=
vine bacillus sventually leadis to total diesorganisation
of the Joint and dlsseminuation of thez infection,

Thia method haa, however, not been generally accep-
ted and moat workers nave employed either the intra-
venour, subcutaneocus or intraperlitoneal routea aof intro-
ducing infectiocn for type determination.

Using the 1ntravensus method, 1t must be borne in
mind that progreassive dlecase, eventielly resulting in
denth, may be caused in rabblits by human bacilll 1in
adeguate numbers especially Dy this route, and although
a dnssge of 0,01 mg. glves good results (R,0,T., 1911c),
slight Iincresze in the arocunt often leads %o equivnoeal
resulte, In favour of thie wethod, though, ls the fac%
thet by employing the correct dosape (0.01 mg,) reaults can
cften be obtained in a month fo alx weeks,

As regards the other two routee, the gquestion of
daosaze is not nearly as imnortant, and with pezari to the
subeutaneous route, Cobbett {181%7c) actually goee mo far
ag to stete that human %fubercle bacllli introduced sub-
cutaneously in any fose, never produce a progresesively

fatal form of disease in the rabbit,

The usual subcutaneous dose employed ie 10 mg.

(R.C.T,, 1%1le}.
Cobbett/....

o




comes to the ennclusion "that attenuatinn under artifi-
cial enitivation Is as a rule very sl ight, ant often
imperceptible after one or mnre years, and that when it
oecurs it does so eapricisusiy, and would seem to he
determined by causes zbhout which st present little is
known™.

Thus, while this view is penerally accepted, de=
firite attenuatlon of culftures has been nnted by many
workers includineg Park and Xrumwelde {(1910Ff) whn noted
1ts occurrence In twn af their bovine strains, and the
gereral tendenev has been for workers nnt tn delay un-
duly the doing nf virulence tests,

The guestion whether prowth for virulence tests
should be obtalned from glycernl fres media or not, is
apparently unimportant (R.C.T., 1907e) and many workers
including Park and ¥ umweide (1910g) and Blackloek (19324)
prefer the use of glycerol containing media, as grovth
of the human type 1s usuwally more readily emulsifiable
when derived from such a source. They 4lsn used growth
abtained from glycerol free wedia and nnted no difference
in rezults obiained. All workerrs are however apgreed
upon the fact that it 1= essentilal when doing virulence
tests to employ young and vwigarously growing cultures nbe
tained by using subcultures nnt more than 3 weeks nld,

The methods used in this investigatinn are the
following:

An attempt was made to do2 the virulence tests as
soon after 1solatinn as pnssible, but due to lack of
aceommadation, this was rarely possible before a month
at least had elapsed.

At least 10 mpg., of vigorously prowinsg subeculture
(mrstly on plyecerine enntaining media) of between 10 arnd
14 days o0ld, were injectwd subeutaneously into the outer

surface af the rilght thigh of nne rabblt weiphing at
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least 1200 gm. tnmly one rabbit was used Tor each case.

After % 1o 4 months the robbit was killed, a post-
morten examination performed and resulis recorded. Hab-
bits dying before that time were similarily dealt with.
e attention being paid to the possibility of wvarious
non—-tubergulous econditions simulating tuberenlosis, only
mirerogscopic lesions were recorded, and like Fark and
Irunmweide (1910h) only the power of the organism to cause
progregeive disease was considered -~ the pregence, num-
ber, distribution i.e. the depree of generalization of
the macroscopic lesionsg were assumed a fair index of this
power,

Whenever i rabbit died before the set period (3-4
months) with no tuberculous lesions to accouwnt for death,
the test was repeatad.

In zddition to this route of inleection, jsrowths con-
sidered %o be of bovine type on cultural eharacteristics,
were inoenlated intoe two more rabbits, 0.01 mg. intra-
venpusly and 1 mg. intraperitoneally, respectively.

For each ease, too, a puinea pig was inoculated
simaltuneously with a suspension of the organism amount-
ing to about 0.2 mpg. intramuscularly into the right thigh
to detect avian type hacilli and ensure thnt pathogenic
and not saprophytic acid iast bacilll were being dealt
with.

I1f not dying earlier, these gninen pigs were killed
after 6=10 wecks had elupsed, and oexandned for tuberculous
lesions nz deseribed in the section dealing with isolation
aff the organisms.

lechnieally, the preparation of the correect dose of
tubercle bacilli for injeetion is a most difficult taask.
Pue $0 the nature of the material, direet weighing of the
orpanisng o the correet weight is hardly ever ﬂttemptéd,

m‘ld“‘}l"..'
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leocast 1200 gm. (nly one rubbit was used Tur each cuse.

Aftor % to 4 months the rabbit wase killed, a poat-
mortem examination performed and results recorded. Hab-
hits dying before that time were similarly dealt with.
Puc attention being paid to the possibility of various
non-tuberculous conditions simulating tubcrewlosic, only
maeroscopic lesions were recorded, and like Fark and
Erumweide (1910h) enly the power of the organism to canse
prograessive discase was considered -~ the presence, Aum-
her, distribution i.e. the depgree ol generalization of
the macroccopic legions were assumed a falr index of this
LOWCT .

Whenever a rabbit died before the set period (35-4
months) with no tuberculous lesions to account for death,
the btest was repsaiad.

In addlition to this route of intfection, srowths con-
sidered to be of bowvine type on cultural charmcteristics,
were inoeulated in%to two nmore rabbits, 0,01 mg. intra-
venously and 1 mg. intraperiteoneanlly, respectiwvely.

For each cnge, too, a guinea pig was inocculated
simaltuneously with a suspension of the organism amount-—
ing to about U.d mg. intramuscularly into the right thigh
to detect avian type baellli and ensurc that pathogenie
and not saprophyltic acid fast baecllli werc being dealt
with,

f not dying earlier, these guninea pips were killed
after 6-10 wecks had eluapsed, and exardned for tuberculous
lesions na deseribed in the section dealing with isclation
of the organisms.

Technieally, the preparation of the correet dose of
tubercle bacilli for injection is a most difficult task.
e to the nature of the naterial, direct weighing of the
organismns to the correcet weight is hardly ever attempted,
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and the usual nrocedure is to welgh out more than the re-
quired weight, suspend it in a known volume of fluld and
use proportionstely lesz to get the ewaet weliht requir-
ed, Thie welght-volume relstionehip of coursa only
holda good 1f the organiams are perfectly dlsnersed. Due
anparently to their high 1linold content, these organiama
are excezdlngly dAifficult %o dlsvperse in walter and various
surface active agents have heen emplay=d to glve better
dieperslon. But whlile excellent dleperslon 1s uauslly
ohtalned by thepe methoda, there 1s no knowlng what ef-
fact these agents have on the virulence of the organlsias
and mpost workers have therefore simply nused water or
paline as emulaifyling agents. Thua soluticns of sodlum
taurccholate, Tween and albumln and even sérum produce
very even suspensions, but they were not used in this
inveatlgatlion in order %o take results odbtained strictly
commarable with thoze of previous inveatlgators,

Ae in mnoat other invertipgations, molat welghta were
uaed - i.8, the tuberclie bacllll vwere scraned off the
mediur and weizhed et once without the intermediate =ztep
of drying them hetwesn asterlle sheete of blotting paper.

RBovine baecllill urpually emullsified rewarimbly well
bt this could not be sald for the human variety, although
uge of cultures from glycerine contalning wedla facllla
tatied the process mllghtly.

The procedure was then as fallows! a sterlle
stoprered graduated 15 cc. centrifuge tube wag sccurately
welghed on & Baird and Tatlock Aperiodic Balance to four
decimal pleceas, Working in the inoculeting hox, apnproxi-
mately 10 mps, of growih Were seraped off the medium by
means of a wire loop and deposited at the bottom of the
welghed centrifusze tube Wwhich was restoprered and welghed

&9 before,

The welght of the tubercle bacllll could then be

caleulated/.....
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caleulated. wltn a 1lttle experlence it moon wasa pos-
slble to estimate the amount of growth fto within £ or

J mgs, oi the correct welght, and 1f on welghlng the
regzult was found to te of thie order, l.e. 12=10 age,,
all of 1% wus lnoculsted subcuteneocusly lnto the rabbit
after emulalification. Thus by far the majority of
rabbits recelved more than the reguired doeage of 10 ugsa,
subcutaneously.

““hen, however, the welght exceeded 15 mgs. the or-
gentsmes were ground up in the graduated centrituge tube
in the inoculatling Lox For ten minutes with & clore
fltting veatls. After this period of time & diop of
gterile water wag added and further grinding nroceesded
wlth. #ors drops were then graduslly sdied until after
30 minutes'! grinding the organisme Were ln e falrly
reascnable state ol dispersion in aboutl Zal cc. 0! water.
After readlng thie volume accurately, the volume of wWater
containing 10 mga, was caleulated and injected subCu-
taneouely i1a%to rabblts, When 1 mg, aod 0,01 mg. dosages
were required, the initial quantlity welghed was much leszs,
and 1f neeessary, the volume of fluld added was much
larger a5 88 to enable the desirea Wwelght to be contalned
In 1=& co, of the water = & ocnveulent volume for in-
Jection purposes,

As Carper and Cohn (1933) strease, the easential
step in the ahove procedure 14 grinding of the hacilii
initlally for some period of time without the addltlon
of any water, and 1t wap Tound fthat 1f thiles method was
atrictly adhsred tn, reasonahly well disnersed susrenslons
Were always obtalned.

The guestion now arises rpa to which cheracteristic
15 the most important, i.e, if divergent resulte are

abtalned on cultural and virulencs teats, on which one

1s the final decision as to type going to depend?

Ovnlniona/.....
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Cpinlons have differed on this point, and even
Griffith (1914) workling with lupus strains filrstly stres-
sed cultural characteristics as heing the most important,
but later (Griffith, 1928) modified hls opinion and be-
lieved that more rellance should be placed on virulence
teats, AL present this latter view, l.e. whether or
not a particular crganlem 1z capable of ceusing progres-
give dieecase in celves or rabpblts, is generally accepted
as mart important, although the only sound nrocedure ia
to assesas the type only after reviewlng all its charac-
teriatics carefully, and this 13 usually done.

Fortunately this problexn does not aoften arlse, and
in the vast majority of cagea & Jefinite inverae relatlon-
anip exlsets between the amount of growth on snlld medla
and rebhit vimulenage, Great rromlinence hra, howvever, been
zlven to dlscrepancies between the two teats by workers
who belleve in the easential unity of the tubercle bacll-
lue and repgard these dlesparitles ss proof of thelr cleims,

They believe that all types are essentially the same
and that the dAifferentiating features mentioned sbove are
simply acqulred through prolonged resldence in a particu-
lar host. In cther words, that a human tubercle baclllus
hge certain features glaoply begause of prolonged resgldence
in human ftissues and that 1t can be converted to what we
now call the bovine bhacillua by pessage experimentes 1n
that animal,

The faots, however, are that this hses never been ob-
perved exmerimentally, and whlle freely conceding that
the virmilence of an attenuated bovine satraln can #ometimes
bte restored by suitable pasceage experiments, Parkt and
Krumwelde {19201}, R.C.T. (1611b), Cobbett (1917e),
Grirfith (1952a) and Topley and Wileon {1948b) maintain

that the particular type of bacillus 1a never changed,
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This has been confirmed by Fridmont-Maller (1930}
who mublished an extenslve monograph nn the subject.
Recently Jeneen (1949) has revised his earlier oplnlon
(Jensen and Fridmont-Mdller, 1936), and nov regards the
occurrence of mixed inTections &s nnt necessarlly the
reault of cross infection, but aometlmes the result of
tranaition of types.

The variante usually encountered are (1) straina
which grow poorly, posslibly vroducing plgment and glving
typical human reaults on rabbit inoculatlon. Thege
Griffith (1924) claseiflies ae dyegonlc human in type. An
additionnl warlation rarely encountered with straine like
the above is for virulence to be attenuated for the
guinea plg., {2) Strains which grow rather well {rarely
quite as well a= the typlcal human straina though),
uaually prodnece no plgment, but sre hilghly virulent for
the rabbit, Theee are classlfied by Griffith as beling
eugonlc bovine atralna, The perplexing cases, however,
are thore (3) which grow feirly well, like the one Just
mentioned, but instead of heving the standard bovine
virulence, heve #n Ilntermediate effect on rabblia, The
virulence of such strsins can often be restored by
paesage exnerlmente, and moat workera classify them as
heing sugonle bovice Iln tyne, esneclally 1f they produce
no plgment.

Definlte eugonic culturéa {1.e. of a luxurlance of
growth exceeding the eugonic bovine atraina mentloned
above) proving virulent for the rabblt are invarlably
mixed strains, l.e. bovine becilll are present as well
(Griffith, 1914}.

It must, however, be renesated that such etralns aa
thoee mentloned abave are rare, aend althoupgh they have
been recovered from eputum (Griffith, 1916), bones and
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joints (Griffith, 1916-17) and cerebro-asninsl fluid
{Griffith, 1232b), most of them are confined to cases
of cutaneons ftuberculosls,

&¢eing then, that the wast msjorlity of cultures
conform atrietly to type, the gueatlon arlsea as to the
neceaslty of doing all the tests mentioned routinely for
tyne determinatlion.

Morohologicel, antigenlic and reactlon curve teats
have alresdy heen desgcribed as unrellable or redundant,
and have been disregarded by all workere conductling
gstatintical surveye regarding the incldence of hovine
infeetion,

Cultural tests are relatively eaasy and chesp, but
the same eannot be sald for virulences tests whilch, 1n
addition, are time consuming. Thus while cultural tesis
are invariably done, ths tendency has been, sapeclally in
large statietical surveya, to limlt the virulence tesis
to melected canes only.

Tias Blacklock (1857e) dld not test the virulence
of 58 eugonle atreina ecla=sified as human In type;
Grifrith (1928: 1934) and Griffith end Smith {1938} during
investigations on tonz and Joint, menlngeal end pulmonary
tuberculosia rsspecilively only tested dysgonlie cultures
for viralence; and Park and Krumwelde (1910jJ) came to the
conclusion that "all cultures sphowing maximum luxurlance
on giycerine egg 1n primary caltures are surely of the
humen type' and do not recommend virulence teats for esuch
cultures, lor da they adviae viralence teats on typleal-
1y dysgonie cultures and are nrenared toe accept these as
beliny bovine in type, In fret the only use they have
for the rabtit in the echeme they recommend is for virme-
lence tests on prowtha of intermedlate character, and
malntain thet the error introduced 1n large statistlcal
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aurveys by following their acheme wlll amount to less than
1%.

This has been accepted by moet authorlties and the
National Surveya of England and Wales {1943-45), and
dcotland (1943~24) were conducted along these lines,

Reilly (1950), working in North Ireland, followed m
gimilar course and Kearney et al. {1943) who examined
500 gasea of pulmonary tuberculosis only did rebblt virg-
lence tests on dysgonlic cultures.

webater (1941}, and Finlayson and Zdson (1847}, in-
veptigating extrapulmonary tuberculeels 1ln Ausatralls
(V4etoria) and New Zealand respectively, followed aimilar
procedures.

While agreeing wlth Park and Krumweide, and Webeter
that a culture growlng wilith maximum luxurlance and showing
vigmentation in the Tirst or second generations “1s surely
of the human type", I must mentlon that luxurisnce of
growth is not memsured abealutely, and le therefore liable
to differsnt sssessments, and eugonlc bovine cultures nay
be miainterpreted especlally by lnexperienced workeras,
Mixed infectlone may be missed altogether, although thia
consideration 18 not relevant es far ar this investligation
1s concerned, as aixed infectlione have never been des-
oribed in & perlvheral focus such am the meninges,

Most wWorkers have, nowever, téated the virulence of
their dAyszonlic cultures for fear of mlalnterpreting
dyegonle human types,

In this investigation I have preferred nnt to deviate
from the atandards lsald down by the Royal Commlis=lon and
have therefore submitted g1l bacllli te both cultural and

Tirulence tests,

Results,

Repults of cultural and virulence test= agreed so

closely/.....

T



Fig. 4. Pilgment Production of Human Tuber-
cle Bsellll on Fotato.




closely that they can convenlently be discuerased together.

Firatly, a1l strains typed caucsed menifest and dls-
seminated dis=ase 1n gulnea plge and muat tTherefore be
conaidered pathogenie (am dletinct from saprophytic) and
porsessed of & normal degrees of virmilence for that animel.
Ne possihle arvlan types were thus encountered,

Resultes of typilng 198 of the 200 different strains
from the eerebro=-splinal fluid, and 17 of the 18 strains
laclated from careous meaenteric lymph nodea, can be stat-
ed quite briefly as they weres all typlecally human in type.

They all grew to a grade £ or more in the azcond
generation on glyecarine frec medla, snd were agll glycerc-
philiec in that second generation growths on the glycerol
egg media were always better, grades 7 to 9 invarliably
belng reslastersd. Second ceneration growths of'these
strains on the glycerol potato medlum ware even more dle-
tinctive 1n that every stireln grew luxuriantly, (grades
6-8), eventually producling a thick wart=like dry growth,
and practically all produced a reddlsh shade of plement on
this medlum, &s 1= shown in Flgurs 4 on the onposrite paje.

Rabbit virulsnee teats were equally conclusive, not
one rabtbit dying of tuberculous :discase during the perled
of obaervation (3-4 months).

At sutopey these rabbilts either showed no lesions or
scanty, well circumscribed and obviously retrogresgs=ive
1l=sione in the lung=s and in a fevw cases also in the kld-
ner;. In ten cases there was ulceraticn at the slte of
inoculation,

Habbite incculated wlth meterisl from seven of theae
cases dled Aurding the rnerlod of observetion, and at au-
topay showed no tuberculsus lesliona, ¥Fresh rabblts ino-
c2lated subseguently with theae atralns were perfectly

it at the end of four monthes and at antopsy showad the
usial minimal evidence of tubercualasls,

Al o
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A8 repgards the remaining two cases of tubereculcus
meningitis, strains of organlsms were 1solated from the
cerebro-gpinal fluld and caseous mesenteric lymph nodes
in the Tirst case, but snly from the ecerebro=srinzl fluild
in the seennd ecase as no pnst morbtem examination was
performed,

Both strains from the first cazse were typically ho=-
vine in that they produeed only a grade 3 growth In the
second generation on plain ogg and grew even more sparse-
1y an glyeerol rgp.

Thege grawthe were pgrevish in eolour and tended to
he slightly molst, Characteristieally second generation
plantings on glycerol potato hardly succeeded in growing
at all, eventually producing no more than a greyish,
slightly moist grade 2 prowth, Rabbits 1inoculated intrae
venously, Ilntraperitoneally and suheoutanesusly witk strains
derived from both sources, died in 25, 35 and 54 days and
10, 17 and 60 davs respectively with scvere zeneralilsed
miliarr spread of the Infection as 1llustrated in Flpure .

FIGUEFR &,
Lungs and Kidneys of rabblt inoculated

with nrpanisms from one Bovine Cage
showing Millavy Spread of Infection,




Fig. 6. Lungs and Xldneys of rabbit inc-
eulated with organlama from
secoitd bovine case showlng ex-
tenalve spread of dleeane.
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The second case was less typical in so far that it
reveatedly nroduced a crade £ growth on glycerol free egg,
hut grew leszs fresly on glycernl egg, accond ceneration
piantlngs on this medlum producing noc more than a dys-
gonie grade 3 growth,

Growth on gilycerol potato wes equally dysgonie, a
grade 2 growth belngthe bhest growth reglstered, It
differed from the bovine cage Just mentioned, 1n produc—
ing a suggestion of a reddlsh pigment on this medium.

The »rganism was, however, Tully virulent fu? the
rebbit, Animala inj)ected intravenously, intraperitonesl-
ly and subcuataneouniy with this organism died on the 30th,
42n4 and 5let day arter inoculation, with a assvers
generalisation of the dlaease as illus=strated In Figupe 6
on oopnaslte page, Thia organlam wars then aleao Judged
to be nDovine 1ln type.

It remaine to be atated thet t%wo straine of Suberele
baci1lll taolated from cow's mllk nroved tyrnlecally bovine
in type as Judged on the same typlng e¥periments des-
erlved above.

Thus out of a total of 200 casea of tuberculous
menlngitias examined, the bovine type of bacillus wae

nresent 1n only two inbtences - 1,e. 17 of cases.
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EPIDEMICLOGY OF TUBERCULOUS MTININGITIS

In this section the general epldemlology of tubercu-
losis will be Alscuased, and the results ol the investl-
getlon into the environment of the 200 cases examlned
bacteriologically will be correlated wlth other informa-
tlon in anattenpt to substantiate thes reaults of the
t¥ping exreriments,

The two varleties of %ubercle bscllll to be dlscussed
are the human and the bovine types as they are slmost '
solely reaponslble for dlsea=e in man. The avlian type
may be dismissed owing to the grest rarity of this type
of infectlion in the humsn sublect (Gloyne, 1933; Feldmen,
1938; Bradbury and Young, 1948) and because 1t was hot
encounterad in this investigation.

Without citing any of the extenaive l1iterature
brouzht to hear on thia nartlienlar problem, 1t can be
stated quite categorically that, anart from the rare con-
genltal form of ftrenemisslon, the human type of baclllus
pagses rom man to maen only by droplet and dust infection,
and it is for thle reason that infeetlon with thls tyne
of becillum is usmually, though Yy no measne invarlably,
regplratory 1n nature and tends to aceour moat frequently
where susceptible and tuberculous individuals come into
close and repeated eontact with ocne another.

Intection with the bovine type of bacillus 1is found
ch iefly in cattle, though many other types of animal,
ineiluding man, are llable to infectlon,

The chierl mode of spread amongsat cattle 1a alsoc by
meana of droplet infegtlon, and thue, as in man, the
primary lesion in bovinss is alac moet freguently found
in the respliratory system (Francis, 1947; Blacklock, 1947},

Man 1s infected with hovine bacllli chiefly through

ingestiontaf contaminated milk (Blackloeck, 1932); Cumning
—— and/....
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and Poster, 19333 Griffith apd Wunrs, 19353 Grif©ith ard
Smith, 19353 Griffith, 1937; Lange, 1937), though air-
harne Infection 1s also passible, us 18 well exerplified
in the cases Af bovine eonjunctival tubherevlosis in
Darish mil¥ers reported hy Jensen et al, (1940) and pul-
monary tuberculosis reported by Cuthill and Lynn (1944)
and Slgurdsson (194%). The cvele of infecti-mn, however,
does not stop there, ss 1t has been ohserved that bovine
infection may pass back from man to ezttle (Nielsen and
Plum, 19355 Plum, 19403 Mapnusson, 1941, 15425 Griffith
and ¥Yuaro, 1%44; Tice, 1244}, snd also from man tn man,
af in the five cases reported by Griffith and Yunrs (1935),
Yunre (1939), Jenzsen et al, (31940) and Fedwall (1%42),

The humap type of bscillus may alsn Infret ecattle,
8 it has been observed that eows in contact =ith human
cases nf pulmonary tnberculosls, thaugh not Aeveloning
zlgrs of active disczse, mavy cive 3 posttive tubereulin
reazction, an? the human tvpe of bacillus has actuslly heen
tsolated Trax sueh esses (Peld, 19393 Feldman and Moses,
1941); The human tyvpe of bicillus has, however, never
been 1snlated From thke milk of any cow, T™is Information

ts summzrised in Figire 7, {(after Blacklock, 1947),

Elr,. a

CYCLE _OF INFFCTION TN MAN ARKD TN CATTLF

_Human »Man ¥an___ 4 ¥an

-

Tubercle Py
Bacilli S~ Cattle

-4
Bovine__. ,Cattle_ . Cattla_ . .Cattle

. -

h“ranffff

y Yan

The chief pathway of Infection for the huran subeet

1= vis the respiratory svstem, Thiz kas been well browght
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aut by a series of 434 autopsles performed on Senttish
ehildren by Blacklock (1947) whn found the primary site
nf infeection to be in the respiratory traet in 65.2¢ of
eases, In a countryv where human bovine Infection is pnssi-
bly the highest in the world.

Alsn that this respivafory infection iz sredominantly
due to the human type of bacllius is shown by the faet
thut Blaeklnck (1¢47) isolsted the human type of boeillus
fror 96,4% of 166 cases nf respiratory tuberculnsis in
Seottish children under 13 years »f age,

Hesaniratory Infectinn iz most aften caused by the
inhalation of infected dropletss occasionally it may he
due to tuherculnsis elzewhere, as, for example mesenterie
or eervieal lymph nodes, the orgeanlsme usually rveaching
the lungs by bhiood spread from thoge sites,

Tubercle baellli wmust, however, freguenftly be in-
haled without producine anv recongnisable leslan, for
tubereulosis 1s a vniversul] dlsease malkdneg the ehances of
infectioan ennrmous, and what prevents the dlsease from
assuming epidemic proportions must simply be the native
or acqulred resistance, or both, of Individvals, althoueh
the true nature of theze factnrs is still obscure,

#hat, however, is known, and has been abuntantly
sroved, is the faet that it is pogsible fo break downm
theze powers of reslstance, be they natural or acqulred,
hy exposure to massive doses of tuberele baellli, b+ the
presence of other diseases, by malnutrition and by over-
work, Add to these the factors of nvercrowding and
fenorance of the disease, snd e have the exact positinn
reigning in the homes of the vast majority of the patients
investigated in this work.

If the primary lesion does not remain localiced at
ar near the gilte of infrctinon then disserminztinn ncevbrs
resulting in a generzalisation af the disease with or
without 2 reninglitis,

Tubereulous meningltis being a metastatic (l.e,

secnondary) phenomennn to the infection in the lungs or
alircntorvd e e e as
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alimentary canal, it: oescurrence Implles some failure
of loezlisation at those sites and the frequent asssocla=-
tion of meningitls with an aetive primary complex has
been attributed (Rieh and MeCordoelr, 1933; Rich, 1944)
to lack of sufficient acguired resistance, Aszoclated
with this, of enurze, 1z the fact that young children
being relatively immobile, 1f expnged at =11, =sre usually
exposed to massive anc repeated househald infections,
This, in econjunction with the freguent debilitating
diseases encountered in the voung (vhich have a definite,
though a2s vet unexplained effect on rrsistarce) and the
possibility of native resisfance belng less =t that age,
help to explain the disproportionatel y higk Tneldernce of
meningitis in the wvery young. The following graph
{figure 8) summarises the ape incidence of the 200 cases
studled and shows that exsctiy half the cases oecurred

during the flrst 2 years of 1life,

FIG. B
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Dif'ferences in the gex incidence have been commented
upon (page 9) and although females predominate slightly

1n thils series, no real difference exists in largcr serles

Al ancasld. . .



TABLE XV

SEASONAL, _TVCTVacs OF  TIETRCULOUS MEFINAITIS IN THE CAPE
FINRE OF MACESs PR LWONTH,
Yerr, Yonrly totnl
TN . Foba M . Apr. Vay | Jum. July Al Hep.i Qet. KoV Dece
14 6 > 5 11 g | ‘3 ? 16 | 12 5 85
1917 10 7 7 4 e 8 7 17 8 , 11| 15 1 111
18 o 3 4 o 13 4 12 12 14 v | 19 12 114
1049 19 17 14 9 9 1A 20 17 1 | 11 12 18
1050 10 11 9 4 a | 1 14 10 o8 19 | 12 21 1464
19m1 8 18 on 13 o | 13 5 14 og 20 | 1 15 170
Yorthly totel. | 51 | 53 7 a6 | 54 | a0 57 go | 104 %0 | 80 75 BT
-
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nf cases (Schwarz 1948).

Table XV (on opposite page) indisates the monthly
incidence of tubercvlous meninpitis enses Addzsgnnsed at
the Union Health Laboratorles, Cape Town, between the
voars 1946=1951,

A def'inite increase is nnted in the lste winter and
spring months apd is in conformity witk the findings of
Sehwarz (1948) wha, in an anslysis of 11,332 cases re-
ported in the l1iterature, Tound the highest incidence
tn be in the later winter and soring months, This 1s
possibly aceounted for bv the fact that eonfinement in
poorly ventilated hnouses mand rooms during the Winter
accounts for more primarv infections, which terminate as
meningitis in the Spring. The lack of essential nutrients
at the end of Winter and the frequent resviratory infectins
present at that time of the vear tend to wea%en the gene=-
ral resistance, and may 2lsn be faectors accountine for the
slight sezsonal Inclderce of the Adisease,

Tubkerele baeilli disolated from the cerebrn-sninal
fluid have heen typed by innumerable morkers in =211 parts
of the world, and the human tvpe of bacillus has Invariably
been enccuntered more freguentiy than the bhovine baclillus,
s will he seen from the follawing discussinn on the rate
of bovine meningiti=s Iin rarinus eountries,

In Sentland the naverall incidenee of bovine infeec-
tion in meninpgitis calculated from the results of wvarinus
workers published between 1007 and 1937 (Watt, 15073
Wang, 1916-~17; Blacklosk, 19323 Griffith, 1934; Blacklock
and Griffin, 1935; Mzaclregor et al., 191%5; Yunro and Seott,
19363 MacGregor and Green, 1937) 1s 26%, the incidence
rising to 36% in the seriers deseribed by Munro and Sentt,

During the National Investlgation held in Scotlsnd
between the vears 1943-44 a further 560 ecases were tvped,

and in this series the bovine rate dropped to 117 .

These/ e



TABLET XVI

CIDENCE OF HUMAN AND BOVINE BACILLI CAUSING
A MENING(TIS IN SCOTLAND

0-5 Years 6-15 ¥ Over 15 |
Date . > TN} | 'rg_:ra Total .T
H|B|#B [HE | B i‘E"‘ﬂf B £ B i H] B| X B

l
1907-37| 178 | 72| 28,8 |71 |19 21,1 | 30| 6 |16.6 | 281 99 | 26

194-‘5—411 193 | 42| 17,8 | 153|15 | B.8 |152 5| 3.1/ 498 62 | 11
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These results are aummarised 1n Table XVI (on the
opnoasite page) which alsc serves to prove snother fact
which ia uniformly prezent 1n all typing experiments of
this nature, naszely that bovine infectlon 1s predominantly
an infectlon of chlldhood, more milk generally being con-
aume-i at that agzge.

In “hnpland very much the same poslitilon exiets aa can
be aesen from the filgures llsted by Griffith {IQET-SBﬁ, de-
rived from varlous authors, as being 24.6%1 for all ages,
In the letest invesHigation in England (1945-45) the
figure gctuslly rises to 28% In a series of 254 caaea
evamined.

A simyltaneous inveatigstion held in Wales (1947=45)
provided a bovine inecidence of 108 from a total of 69 cases
evanined,

In North Treland, MeMurrasy {1944} found 297 of 26
cases of tuberculous meningitiz to be due to the bovine
bacillua, while in s mofe pecent investipstlon Reilly
{1980) found only 3.3% of 245 canee of meninglitls to he
due to the bovine bacillus,

In Eire, Mushatt (1940) found 257 of 12 casece examine
ed to be due to the bovine bacllilua.

In Germany in 1832 Brune Lange descrlbed the indl-
dence of bovine meningltis to be 8.4% of 201 ceses ex=
amined.

In Dennsrk the bovine incidence ls described as he-
ing 23.4% by Jensen et al. {1940} and in France, Gervols
(1937) found 7,47 of meningeal tuberculosls to be bovine
in ortgin, while Gara (1942) working in the North of Italy
(M1lan) found e bovine incidence of 9,29 1n 195 crpes of
extramilmonary tuberculosis =tudied.

In Budapest, Vasarhelyi (1940} found the bovine in-
cldarce to be 12.87 of 48 cecea examined, and 1n India,

Ukil (1923) in tyring 60 cases of extrapulmonary tuber-

cuioales did not encotinter a single case of hovine infec-

tion.
3 ) AR,
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In Japan, ¥imurs an! Kondo {1939} found the bovine
incidence to be 0.98% in & wmeries of 1,323 crsea of ex-
trerulmonary tuberculesis investigated.

In Arsterdam, Puys (1938) reported a bovine 1necidence
of 16,24 in 43 ecases of tuberculsus meningitle examined,

In Anstralie the incldence of bovine infection in
tuberculous meningltis is 59 in & =eriles of 80 csses re-
ported in the literature {Tenfold, 1924; Webster, 1932;
Webster, 1941).

Iin America the Tollowing nosltion exists, Fark and
Erumwelde (1910} renorted & bovine incldence of 157 1in
thelr serlies nf menlngltls caces exarined in New York,
Neviek (1929), also working in tew York, reported the in-
cldence of bovine infeefion in 48 ceees of neningitie an
being 6.3% In Boston, Gordon and Brown (1923) rerorted
the bovine incldence as belng 15,74 of 19 cases examined,
while Herhen and Asserson (1925}, working in Mew York, re-
rarted a bovine inecidence of 672 An e eeriee of 47 cases
examined, Apart from #anotHer Inveatlpgatlion by Chang
(1533}, no other investigations of this nature have baen
reported sinee an extensive {and successful) camvalign at
eradication of bnving tuberculeoels waes instiftuted in that
country in 1917 (Palmer, 1951),

Finlayeon and Tdaon (1947), working in Dunediln, New
Zenland, recard 9 cases (199) of bovine infeetlion 1in 48
cazes of extrapulmonary tuberonloals studied in that clity.
Theae flgnres include 8 cases of meningltis, »f which 4
were nf bovine origin,

The South African literature recordas the type deter-
minztion of 243 straina of tubercle becilli {Pubh. 9.4,
Ipnat, Med, Rea,, 1932: Antmal Ren. 8.4, Inet. ifed, Res,,
16373 Harrinston and Tmerson, 1939; au Tolt and Buechanan,
1242) 195 of which were derlved from extrapulmonary
cources, Only twe were found to be bovine in orilgin.

An far as resulits of the present investigatlon are

congerned, the incidence of hovipe Infectlon 1n nen-
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Furopean eases of tuberculous meningitis is 2 in 184 or
1.1%, while the Furopeans in this area have & rate of
0 in 16 or 0F.

That the 4incldence of bovine meningftisz in the non-
European population in this ares must be very low and
actually approximate to the figure (2 in 174, 1,e., 1.1%)
obtained 1n this series, can be deduced from the theoreti-
cal assumption that the true incidence is actually as hiph
as 5%, under whiech elreumstanees the ckance af not finding
more than two bovine cazes in a series of 184 cases of
meningltis becomes 1 in 219, Tt is thus reasonahle to
Infer that the true incldence is suhstantially less than
5% o

On the nther hand the finding of no bavire strains
in the series of 16 Furopsan cases itnvestipated, i,e,
0i, does nrot allow such Inferences regarding the trve
ineidence of Eurcpean hovine meningitis in this area to
be made, Assuming the true incidence tn he nnly 5%,
{hecause of the small number of cases investipated) the
chance of not enenuntering s bovine Infection in the 16
cases examined is then actually os hipgh as 444, Fwer
with a Furopean bovine rate of 10% In this area, there is
still an 18,5¢ chance of not striking a single bovine
infeection in the small series exarined,

#hat then iz the explunation of the difference exlc=-
ting hetween the incidence af bovine tubhereulous menin=-
pitis in the Cape (1%) and that of the British Isles?
Considering the position of the Coloureds (who form 824
of the cases), the tuberculous meningitis mortality ruate
existing amongst them in the Cape Provinee in 1647 {the
most recent Annual Feport of trhe Union Departrment of
Health} 1s 17.9 per 100,000 of the population, as compared
with 3.6 per 102,000 Tor England and Wales (Heport of the
¥inistry of Health for the year ended 31lst Warch, 1948},
and 0.7 per 100,000 for the United States of Ameriea

(Federal Security Apeney National 0ffice of Vital

Statistics/. ...
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gtatiatica, 1950) over the samez perlol of time.

This dlaparity is reflected in thz differences ey-
tating between the respiratory death rates for tubercu-
loris amencat these yrounps of people: £208.2 per 100,000
for the Colouredsz in the Cane Province (1947), as comnar-
ad with 45,8 per 100,000 for Enpland apni Yalea and 31 per
100,200 of the population in the U,3.A4., for 1547,

Althougn the inecldence of bovine infectiors in pul-
monary tubersulo=sis in the Oolnured nonulation is not
knnwn, Judging from reanlts of other countries, it must
ke very low indeed and one can expect the malority of
meningeal infectione amonsst the Coloureds, living as
they do 1n crowded slum conditions, %o be human Ln tyme,
regulting from the tremendoue reaervair of sulmonary
tuberculnels exiasting in thls section of the comminity.

Thus, while agreelng with Reilly {1850) that an
argument 1ike thle can be open to certain ohjlectiona, I
meintaln thet the high meninceal denth rate and the low
wovine ineldence exlating amongat the Colouredas in the
Cave 1s primarily Jue to the nlgh reanlrstory dAesath rate
coupled wlth the fnet {to be further elaborated) that
very little milk is con=zumed, and they thuas largely es=-
cape the Aanger of boavine infectloen,

Tc the MNatives in the Cape Provinse, wlth meningeal
and resplrztory mortallty rates of 5,27 per 100,000 and
126.72 per 100,000 respectively, exactly the came argu-
ment apulies,

Thie state of affalre 1s well illustr=ted in the
rreasnt series. One hundred and thirty;twa of the caacs
occurred in the Cape Town Hunieipal ares, which hae g
Furocpesn populztion roughly equivalent to that of the non
European nopulation, and the ratio of non-Euronesn to
Europesan caser 1in the latter area was 31:2.

It 1e, however, amongst Buropsans in the Cape Pro-

rince With mortality retes {(nulmonary 21.8 per 100,000

and meningeal 3 per 100,000 for 1947) aoproximating those
u'rfll‘llll



G5,

of the Britlah Isles, that the apparent Adleacrepancy liss
{no bovines in 15 cases), for thias class of werson con-
sumes roughly a sinilar quantlty of milk as do peonle in
England and, as wlll be pointed out later, there ig rea-
son to belleve that thelr mllk eupnly 1a very 1ittle, if
&Ny, Detler as rexerds contamlinatlon with tuberele bselll],
than the milk coneumed in Great dritain,

Ag W11l be mentioned later, contasct with known cases
of pulmonary tuberculosir waa establighed in 11 of the
14 Europeen cases investigsted. The three fsllures, in
chilldren or 11, 15 and 18 years wespectively could almost
certalnly be ascribed toc the fact thgt at theae azes, the
fieid of poralble contact itg vastly greater than durlng
the firat years of life, making it provortiopnately 4dlfri-
rult to trace possible contacta,

As mentioned previcualy, however, the findinges in
tnis aeries of 16 csses de not nermit deductlons as to
tne true incidence aof bovine meningeal infeetlons in
Europeatis to be made and the true pleture mnset awalt fur-
ther tyrlnz experiments on larger numbers of caaesn,

In an attempt t2 verify the ciulm that the human
case of pulmonary tuberculosis i1s by far the moat luopor-
tant epidemlological fretor 1ln tuberculeous menlngltlis in
this ares, an attempt wae made to investlpgate the environ-
ment of the 200 canea exadsine] bacteriologlesily, with the
oblect of traclng each menlngeal infectlon to 1tz ulti-
mates aguree.

With this in mind 1t waa declded to investigate
every case an follovs:-

(1) Examine, and if poecsible aubmlit all pecple
normally coming into contact with the netlent
to an X-ray examlnatlion. A particular per-
son was condidered the source of the natient's
tubereuloais when he or she pregented definite
¢linicel, or perferably, redlological evidence
of pulmeonary tuberculoslis; and also when 1t had
been eatablished thet such a merson had been in

contact with the natient for some nerlcd of tlime,

(2) iInveatigate the milk supply of the patient
where necespavy,
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Credlt for wost of the date nresented in thi= sec-
tion must go to neonle other than myself - to the staffs
of the varions Hanleipsl and Divieional Counell Tubercu-
losis Clinien, doctors at the Clty Hospltal for Infectlous
Discasea, and most imnortant of all, the health vialtors
attached £ %the wvariocus clinies, to whom the ftash of
getting the varlous neonle $o attend and submi$ to aBn
X¥-ray examinatlon wae largely entruated.

It soon begams obvious that thls was a most difficult
task for a large number of reseona, not the least imnor-
tant of whieh was the apathy encountered amoniat natient's
relatives. Anathy was nresent to such a degree that
many parents never a-meared at the partlicular hosnital to
which thelr c¢hild had beepn admitted, some even Tailing %o
claim the hody after death. In some in=tances {eanec-
1ally ecountry cases) this could he aserlbed to lack of
money reaqulred for the necessary htrensnort.

It was also apathy ani a woeful lack of any under—
standing of the dlseapse whicrh nrevented many woarentas and
cloge relatives from attending the various elinice for
examination, even unon repeated requesta tn do mso.

Another faetnr was the honeless stete of overcrowding
in which most of these neonle live = Stwo famllies often
sharin: one room, or three or ore famllies sharing one
house, It was preetically immocslble teo get all the
cceupants of one house, or even one room, sufflelently
intereated f£0 come up for an examination,

Other factors coerating were the Trequency with which
these neonle changed thelr adiresses, gave wrong addresees
or mddresses which aubsequently could not he traced,
Finally, of couree, there wsrs the very real fear erxisilng
amon;-at ro=sible cnntacts of belng nronounced tubereculous
and losins emloyment as a reault nf euch a dlagnorls,
spneclinlly as chances of hoaoltzliastion are very sllght
for nost of them.

Throuzh lack of facilitlies country ceses were hardly
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ever investigated.

As regards the other possible sourge of tuberculoais
- milk - it was found that, especially amongst the non-
HBuropenng, if any milk was consumed it wag uanally bought
casually at neighbouring doiries, a regular delivery of
milk belng unhemrd of,

These dairies in their turn buy milk in bulk {from
variocus and variable aourees, =and under these conditions
I agree with Mimro snd Secott (19736) that it is praetiecal-
ly impossible to trace a human bowviike infection to a
particnlar cow,

It takes at least 6 weeks (uﬂually longer} for the
isolation and typing of a tubercle baeillus and more than
that period of time Tor the disease to become manifest in
the patient. Thege faets, taoken in con junetion with the
statement that s cow segreting bacilli of this nature is
almost certainly a poor milker, explain the difficulty
encountered in metually ineriminating any particular cow
Tor a ease of hunun bovine infeetion as the astute dairy-
man has usually disposed of the snimal by the time inveo-—
tipations are instituted. Most investigators have thus
simply confined themselves 4o the quegtion whether or not
the patient was in the habit of consuming raw cow's mill,

These are the reagons why the one hovine case (a

Coloured child) occurring in C-po Town eould not be traced
to a tuberenlousz cow, although 1% was establighed that the
child did eonsume a certain amount of uvnhoiled cow's milk
and that there were no ecases of pulmonary tubercalusis
amongst his immedinte fanily. A1 attemp wvas made to
investigate the other boviie cuse {a Coloured farm
labourcr's ehild on a farm in the Piketberp distriet} but
owing to wvarious difficulties, not the least important

of which was the attitude of the porticular farrmer cone
gorned, this was nlso uwnsucceasful. It was, however,
cestablished that the ehild did regmlarly conswee a fair

amount of raw farm millk,

Yariowa s
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Various detalls regarding the remalning 198 patlents,
including the resaalts of the contact investigations, are
listed 1n Table XVII at the end of thle Chanter.

The eomient "Not inveetignted" behind the names of
36,9% of thear natlenta imnlies thnt either none of the
poesible contacts could be inveetigeted, or, as more fre—
quently ha-pened, only & minority of the people living
with the chlld were exanined and found to be non=tubercu-
loug, Thia figure comparee very badly wilth a serlen eof
182 casee inveatigeted in England {1945-45) 4n which no
information {in the above senae) was obtailned 1n only
15.7% of cases,

Jummariaing these resulta it can be seen that out
of a total of 127 esscs due tn the human type of bacll-
lua investigated, contacl with a case of reaniratory
tuberculnsis wns established in 112 instancea (88.1%),
76.64 for Zuropean cases Inveatigsted, R%.8% and 100%
for Coloured and Native casee investigated reancetlively,
and 07 for one Aslatic cese Investlgated.

Various aithors have reported varylng degreee of
aucceas revarding inveatigations of this nature and

their resulte are listed in Table XVIII.

TABLT XVIIIL.

CONTACT INVeSTIGATIONT IN CASYS OF MENINGITIS DUE TO
THE HUMAN TUBZRCLE BACILLUS

husror b ohiate # Contacts
Meyer {1615) 105 el
Harber mnd Asperpeon (1925) 135 56
Grecngard (1928) 54 24
Blau (1929) 110 24
RAosenblum and Maxler (13932) 101 19
Irvestigation England (1943-45) 157 39.5
Inremtigation Walea {1943-45) 57 22.8
MeMurray (1944) 10 a0

Lincoln (1947) 187 a7
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Various detalls regariing the remaining 198 patlents,
including the rosults of the contact lnvestipgationa, are
1ieted 1n Table XVII at the end of this Chanter,

The comment "Not inveatigated" behind the names of
36.9° of theae natlenta imnliea that elther none of the
possible rontacta enuld he inveetiprted, or, as more Tre—
quently he-nened, only a minority of the people living
with the chlld were exanined and found to be non=tubercu-
louae, Thia figure ecompareas very badly with a aerlea of
182 eases inveatigated in Lngland (194:3-45) in which no
tnformation (in the above aense) was obtalned ln only
13.7% of canes,

gummarising these resulta 1t can be aeen that out
of B total of 127 ceses Jdue to the human type of bacil-
lus 1lnvestigated, contact With a case of reaplratory
tuberculnals wns established in 112 instancea (88.1%),
76.6. for Buropean cases inveatigeted, 89,.8( and 1003
for Coloured and Native pases investipsted reancctively,
and 07 for ore Astatle case Ilnvealtlgated,

Various authora have renorted varylng depgreecg of
success reyardlng lnveatigeationsa of thla nature and

their reanulta are 1ll=sted in Tehle XVIII.

TABLE XVILI.

CONTACT INVESTIGATIONS IN CASES OF MENTHJIITIS DUE TO
THE HUMAN TUBERCLE BACILLUS

Author ?g;ezgigzgzé ,f Contacta
Meyer (1915) 106 a7
Harben and Aneerson {1925) 135 86
Grecngard (1928) F4 24
Blau (1929) 110 24
Roerenblum and Makler (1232). 101 19
Irveetigation England {1943-45) 157 39.5
Investigation Wales (1943.-45) 57 22.8
McMurray (1844) 10 BO

Lincoln (1947) 167 657
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In addition Munro and Scott (1936} and Reilly (1950)
renort that moet of thelr cases due to the human bacilluas
rould be traced to A case of human vulmonary tuberculo-
gels,

The relationship nf the contact to the patient in

thln serien of cases 18 get out 1n Tahle XIX.
TARLE XIX.

RELATION OF CONTACT TO PATTENT

Relatlion toc FPatlent Number of Casca
Lodger 38
Mother i8
Father 15
Uncle 14

Aunt 3]
Brother 4
Sister 4

Maild =
Friend 2

Granifather 2
Grandmother 1
Greatgrandrather 1
Ggreatgrandmother 1
Couslin 1
Nelghbour 1
Landlord i

Worthy of note 1s the fact that a fubereulous non-
Eurcpean mald wse the source of infection of three
European children with tubereculous meningitie.

These resultas differ from those of nther investiga-
tors (Blackloek, 1947; Lincoln, 1947) who incriminate
cloee relatives (mothere and fathers) more frequently
than unrelated people in the same house {lodgera), and
i8 porsibly a reflection on the state of overcerowdling
exiating 1n the homes of most of the patlents.

An interesting rolint brought ocut by this investiga-
tion, as glso the English investigstion (1843-45), la
the decline in the contact rate with increasse in age

(Table XX).
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TABLE XX

AGE — CONTACT RELATION3HIP

 Age No. of Cases Inveatigated | % of Contacte
-5 | 96 100
= |
5-10Q t 14 S0
1015 ] 66
Above 15 8 850
| — L

Thus between the agea of O and 5 yeara the cnntact
rate fop inveatigated casea is 1007, between the agesa
of 5 and 10 years the eontact rate falla off to 501,
rising to 68,6 for cases between 10 and 15 years, and
for canes above 15 years, the contast rate for investl-
gated casee azain falla to 6O/ Thi= preaumably 1s
due to the widening of the field of posaible contact
with in¢rease of age,

Cattle form the great, and prectically only, rerer—
volr of hovine infectlon and contaminated milk acts as
the vehicle for tranpmicselon to humwanes in the large
majority of cases, slthough (as has been mentioned) air
borne infectlon is &lso known to occur.

¥11k belng th= vehlcle, infection with the bovine
tyne of bacillus is mainly through the alimentnry sye-
tem and acrounta for the greater proportlon of cases of
cervieal lym-h node and ahdominal tubereuloeis in the
verious 3cottish and English inveatigatione,

For alimentary bovine infecticn to occur in & com-
munity, twWo requiremente must be met, namely: (1)

The millk anpnly must contaln viable tubercle bacllli;
and (2) the population muet be exnosed to the iafectlen
by drinking the contaminated milk. With regard to the
first noint, the poslition exietinz in Cape Town 1le nat

definitely known ap no peneralised tuberculln testing

gocheme hag been undertaken amonget the dalry cows, and

Hbﬂtt’ﬂ‘il‘f. LR
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ahattolr flgures are unrellable for the slmple reasan
that dlsessed cows are usially not submlitted to the Cape
Town abattoir, but sent to the small perl-urban ahsttolrs
where control is leas etrict (Cooper, 1952).

The only extenalve tubéreculln survey carried out in
thils country amongsat dalry catile ie the Inveatigation
attermpted in Durban in 1970 (Green, 1933). 39,97 of
dairy cows In that arem were found to be pomltive reac-
tora, The very high incildence of §,47 of theme cowa
ware found to have tuberculous dlaease affecting the
udder, and I agrees with de Koek (1934) and Sampaon (1834)
in ¢oncluding that dats such as thla, from an urban area
like Durban, seem to indleate that the incidence of
tubereulnals 1n datry cattle in Cape Town, or for that
matter any eclty in the nlon, 1= in no way different from
that existing in various Zuropean countries,

What, however, 1s known about the milk supply of
Cape Town 13 that Horwitz (1944) rerorted viabvle tubercle
bacilll in 3.4% of herd samples supplyling milk to the
City. The figure for 1950-51 (Horwitz, 19561) ie 2,7%.
It muept be atreased that thepe Tigures apply to herd
samplea and once the milk 18 bulked, the fipure is cor-
resnondingly greater. In Johannesburg, Pulllingzer
(1942) however reported the figure to be 2,57 of bulked
pamplen,

In Great Britain (Wilson, 1942; Fronels, 184%7;
Allen, 1949) about 407 of cows slaupghtered ln publiec abat-
toirs are tuberculous; about 0,5-1,07 or more of theae
cows {Stamp, 1543) have the Alsesse affecting the udder
(ani may thus be expected to secrete tuberele bacilll in
their milk), and 7.5¢ of churn (presumably bulked)
samples contain viable tubercle bacilli (Francis, 1947},

The nositlon in Scotland at the moment 1e more

favourable than that existing in Walee or Znglan3 with

41%/0u ...
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417 of dalry herds as compared with 30,57 and 154, for
Wales and Enpgland respeetively, attested free from tuber=-
culous disease (Kirkpatriek, 1951), figures =mhich are
accurately reflected in the inetldence of bnvine meninpeal
Infections in these countries 1n the latest Iinvestiga-
tions earried nut,

In New Zealand ayproximately 105 of d41rv eattle
are tuberculous (Finlayson and ¥Fdson, 1647).

In America, where a bhovine tuhercvlosis eradieation
scheme has becn In progress since 1917 (Publie Health
Feports, 1946, 61, 1315), the ineidence nf tuberculnus
enows 1z now less than 02,38 and human bovine tuberenlous
infectinn is no problem at all, {(Fdltorial, Pnst Gradu=-
ate Wed. J., 1949, 25, 463 Palmer, 1071)

In Korth Ireland the pnsition is vwerv similar to
that in Great Britain = 407 nf ecnws are tubereculous
and 7.57 of echurn samrles econtain viahle trherele
bacilli (Feilly, 1950).

In 1949 the incidence of positive tubherculin re=
actnrs amnnpst dairy cattle in Jupan was only 0,477
(Crawford, 1952) and in India the ineidence, while nnt
definitely known, 1z genrrally regarded as heing insip-
nificant, and nn case of tubrrevlous mastitis has ever
been recorded in that countrv (Crawford, 1972),

Tubrreulous milk can, of eourse, he rendered harm-
1rsg by subjiecting it to some form of heat treatment,
f.0, the warious forms of pasteurisation or bniling
(W1lson, 1942) and at the moment about 607 of milk sold
in Cape Towm 1s pusteurised (Horwitz, 1951). In npland
prior to 1923 effective pasteurisatinn was negligitle,
but by 193¢, 50% of milk consumed 1in eounty bornughs
and 9°%% of mi1lk consumed in London wus pasteurised
(Kirkpatrick, 1951).

Dwing to lack of facilities, milk sold in country

places/....-
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places is hardly ever pasteurised and neither 1s the
infective apent dlluted by the process nf bulking which
ts earried nut in the larpger centres,

Human infection with the hovine tubercle hacillus
would thus be expeeted to be higher in country towns
than in large clties apd this is well {1lustrated hy
Letham (1946) who, taking the death rate from abdominal
tubereulasis In yvoune ehildren as an index of the inei-
dence of bovine infection, gives a table to show the
effect of pasteurisation in redueing the Incidence of

this infection. Table XXI.
TABLE NX1.

DEATH RATZS FROM ABDOMINAL THBERCIULOSTA PER
MILLION CHILDREN UNDER B YEAR3 CF AGE IN

EACH AREA,
.. 1921 1930 1938 1944
London Adminietrative County 13€ | 24 1 12 6
Coubined County Borcugha ? 437 | 187 €3 | 3B
Combined Urban Dletricia 366 | 134 77 | A2
Combired Rural Districta ‘ 252 | 92 B3 60
i

I mav add that one of my two eases of hovine 1nfeé-
tion oceurred in a Celoured farm ehild,

Anothey factor in this difference in the 1incldence
nf bovine infectinn in urban and rural inhabitunts 1s
an inmunologieal one, Infection with the human type
of bacillus must be less common in the country than in
the towns, and the rural dweller, therefore, rscapes
this tvpe of infection; he consequently develops no
tubereulo~immunity, and 1s thus more lilable than the
town inhabitant to develop bovine infection (Blackloek,
1947). Indend it has been sugpested (Sampson, 1934)
that the presence of bovine baeflll in milk may serve
as an immunising agent for the human subjeet, I
could not disapgree mare strongly with sush a donctrine,

for although there 1s a clase antigenie relatinonship

hﬂt‘-.‘rﬂﬂﬂf. aman
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tuberculosis (that of consuming the contaminated milk),
the hilgheat 1lnecidence of bovine infegtion ieg found 1n
early 1ife and 1a nrobably due %to the grester consumntion
of milk at that age, There are thus greater ovnortuni-
tiema for infection should the milk coptaln wlahle tubercle
breilll, As the muooes of the intestlne and the neso-
pharynx {Blacklock, 1947} are lease favourable sites for
attack than the lung parenchyma, by tubercle bacilli
whileh grow slowly, some co-incidental lemion may probably
allow the bacilli %to invade these muecosae, The more fra-
guent occurrence of atute ceatarrhal conditions at thease
gltea 1n children, as compared with ajults, oay provide
the locus minoresa reaistentia in which the tubercle bacil-
11 may galn a foothold. Thie mey partly account for the
sreater frequency of tuberculosis of the cervical lymph
nodes and the abdomen in chilldren than in adulta, Further,
the po=s1bllity of acqulred realstance Jue to an arresgted
infectlon of the lunges may als=s deternine the reolatlive
infrequency of &limentary tuberculosle in the acult ss
sompared with the chlld,

The above, of oourse, only a~mlles to peonle with a
reasonable standard of living who ¢cen afford the expense
of buying milk regularly, Amongat the non-Turopean
ronulation of Cape Town, wlth whom, 4ue to thelr sheer
welpght of rumbers in thles Investlgation, we are malnly
concerned, drinking a glass of milk 1s a heblt nractical--
ly never indulged in at howme. The usual nractlce ip elither
tn forgo it altopether, or to use 1% sparingly in tes or
coffee. If milk ls accasionally hought, 1t is uszally
boiled at once tn nrevent 1t golng scur and more often
than not condenaed mllk is subatituted becmuse 1t can be
kept lonper without goling off. The practice of having &
regular Jdelivery of mllk is unheard of.

Yoat infanta are breaast Ted and, 1f nepesaary, are

sunnlied/. . ...



76.

supplied wlth powdered milk at the various munieipal
clinies, and some of the nlder children receive pas-
teurised milk at school.

Thue as a result of drinking very little milk, the
non~European populatlon 1is hardly exposed to the hazard
of bovine tuberculosis.

The Furopean population on the other hand consumes
a large amount of mily and one would deduce from focts
gucted, that they at least should have a4 bovine infection
rate roughly similar to that existing In the Britisgh
Isles. ¥y result, of no bovine infections in 16 cases,
is, however, not statistically slgniflicant.

Table XXII correlates the incidence of human bovine
infectinns in various countries with the inhabitants?
milk=drinking habits and the incldence nf tuherculoels

present in the dalry cattle,

Tadul HAIT,

CUballATIOL U THE LILe LulNeIly LLa817'S 9F VARICUL PEUFLES
Y1Th TTE duVIKT TUGERCUILELS wal® 1K

SATTLY gNL Al i -
Tubareuloua 1n- Iwut trast= Hurzar Con=- Humah do¥ine
Jourtry, tectlor ir Lulry  ment of (414, s=unption  Tubsrculoals
Cuttie, ol Milg. Toate,
Tapan Vepllpibla Hebltually hvarage Kepligible
(u, 48 ], upll milg,
Irdia Low Hahituslly AVBTREN Beglirible
oell milg,
Amarica Naglipicliae Yarlable, Aundant tor Txietant
Zrelupd Brd Scotlard Heavy “eTimole. Aturdant  Hign
(4L
Lorth Ireland Heavy B4 Fma- Aburdant  Low
[0t} teuriamd,
vagtern Froviocem Hesvy Yariatls, Yiminal Lerligicle

[Mor=-Buromesr)

As regardsg respiratory infecetion with the bhovine
tubercle baeillus, Munro (1929) was the first to des-
cribe a case of human pulmonary tuberculosis due to the
bhovine bacillus, Tris diseowvery, of course, at once
ralsed the guestion of the patliiopenisis of the lesion,

F:tnﬁf”---
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and twn pnssibilities existed; namely a spread tn the
lung from the primarvy alimentarv eomplex, or an air
borne {(droplet) infectinn as commonly nceours in the case
of the human bacillus. That the latter is the usval
mode of infection has since been decisively proved by
Blacklock (1932), and further proof of alr borne infet=
tion has been furnished by Jensen et al. (1940), Cut-
bill and Lymn (1944) and hy Sigurdsson {(1%45),

The disease being alrborne, the hiphest incidence of
human bovine pulmonary tuberculosis should be (ound
amongst people coming into direct eontact with cattle,
and this has definitely been proved tc be the caseg
Cutb1ll and Lynn (1944) pive the ineldence of human
bovine phthisis in cattle contact and non-cattle contact
groups as Tollows: 97 cattle contacts, 16,4% bovines
2004 non-cattle eontacts, bovine incidence 1,6%. The
cattle contacts are usually farmers or farm labourers,

The incidence of pulmonary bovine tuberculosis 1s,
however, relatively small accounting for 5.7% of cases
in Sentland and 1.9% of cases in Fngland, #Wales and
Fire, in the collected figures for all ages reported
by Griffith and Munro (1944).

Curming (1%39) typed 320 strains of tubercle bacillt
derived from caces of pulmonary tuberculosis in Fire
and found no case due to the bovine organismi and more
recently, Kearney, Farrelly and Cronin (1949) typed
another 500 cases in the same country, alse falling to
find a single case of bovine Infection,

Sigurdsson (1949) deseribes the amazing incidence of
40.6% of bovine infeections In a study of 165 rural cases
of pulmonary tuberculosls in Denmark.  This, however,
becrnmes less surprising when it is realised that during
the cold Danish winters cattle are nften allowed into

the immediate precincts of the houses of farmers

(de Kock, 1951)/...



7.

(de Koek, 1951} and a very cloee relatlionship thus

exlets betwesn cattle and man, the forumer {irf tuberculoua)
dleseninating tubercle brellll by droplet infectlon in
exactly the aame way aa & case of human pulmonary tubercu-
losia would do it, and Sigurdspon actually traced 947 of
hia bovine casea to "atrongly tuberculous cattle",

In the British Iales the human bacillue le repnon-
81ble for only a relatively samall percentapge of orimary
alinmentary lnfecetiona, the figures for Scotland ecolleeted
Trom 1914-1944 (Mitehell, 1014b; Wang, 1918-17; Blaok-
lock, 1932; National Investigation 3catland, 1543-44)
ghowed total human infeetione of 22,17 {(77.2¢ bovine),
The latzsat Tnglish figurss (1843445 gurvey) pgives the
human tubercle baclilllua incidence in abdominal infeetions
to be 35.3 (64.7% bovine}. To agcount for these
nrimary alimentary Infsctians by the human type of bacll-
lus, the bacillius must heve heen swallowed 1n food oon-
taminated by droplet infegtlon {(Placklock, 1947%).

As Judged by the follawing facts, the lneldence of
nprimary abdomlinal infections in thie fvrea muat he very
low, for riratly, in & series of G0 post mortem examina-
tione done aa part of this investigatlon, only one nri-
mary abdominal infectlon waes encountersasd, As will be
dl3acusged later on npage 113, thege reaults Aiffer mark-
edly from similar serles in the Oritish Ialea and tend
to confiry the resulta of the typing exneriments perform-
ed on tubercle bacllll derived from thess particular casea.

Segondly, in a study of the records of the Depart-
ment of Pathology of the University of Cane Town {which
drains An 800 bedded gereral hoanilial for material),
anly 10 cases nof abdominal tuberouloesie (casecus meaen-—
terlc lymsh nodes, no tuberculous hilar lymnh nodes and
noaalbly only haemotogensus rulmonary tuberculasis)

were/ . ...,
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wara encounltered In a aonaecutive asries of 2,555 noat
mortern examlnatieng nerformed during the yeara January,
12345 to Zeplember, 14560, Only 3 of the 1C patients wera
Europeanrna tut , asa the gauanl organisma were nol typed,

the bovine 1necidence (with 1ts immlications) ye not known,

Orf the enaece of primary tuherculosia of the cervical
lymph nodes Invertlgated un to 1%44 in 3cotland (Mitehell,
114e; 1414b: Griffith, 1510; 1999 Sang, 1916-17; Blaok-
loeck, 18:12: Griffith end 9mith, 1955; Scottish Hational
Tnvestigation, 1943-44) the rate of infeotion with the
huiean tyve was 27.8: (72.27 bovinel,

The latest Snglish Cflgures (1943=45H) gives the per-
gentags hamen Infeotlon of cervical lymph hodea to be
4<.5% (B7.84 bovine).

The positlion regearding the types of Infretion In
cervical lywph nodes exlating in the Cape has never bheen
reported, but in an investigation in progrese at present,
tubercle bacilli 1solated from the cervical lymph nodes
of 30 pnon-European paitlents have all been tynleally thuman
in type. Thir remarkable result is exnlained on - rxactly
the aame lince as those glven for menlngeal infections,
nainely 8 very hligh inecldence of nulmonery tuaberculosis
coupied with a minimal consumption af raw cow'e milk by
tiie Non-European populatlon, This *remendous refervolr
of pulmonary tuberculosls resultes in widespread dlesem-
ination of human bacllil which, 1in the overcrowded con-
dltlona exiepting amonget the non-Euroresns, sccounts
for the high inclidence of - primary thoracic infectilona by
inhelation of infected droplets, and thie high incildence
of humen tubercle bacllll infectiona in cervical adenltls
from the ingestlon of bacllli deposlted irn droplets on

food, rfloors, walls and furnlture,
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TARLR ¥VII,

Results of Contact Investipation.

Pulrmonary Tubereulosis Contoots.

TTame, Addresa, fice, SeXe
Relation Xotified
Name. to Patlent =28 Pul, Remeirks.
i T«ePs 0N
Hervry Booysen 7% Honover Stroet, Cape Towrn 4 mtha, M« Jecob Gedult nele 2l. 8.50. Same Aliresse
Rosettn Samuels 40 Qverton Rd., 7one E., 4 mthes Fs Tlleen Samels Yother 12, R.48.
N Town, Athlone
Rachel Alexeandor 2Rtk Str., Off Pelrine d., 4 mths, Fo Tenry Lslloo Step=- 28s Tel B,
Elgies tiver. brfother
Jaran Soknaldien "Preak of May", lsrmony Rd., 5 mthe.s F. Gadiis Galant Lodeer 222 8437, Same Addrece.
Hazendnl Tet., Athlone.
Fabhia calnnt "mrenk of Nay", Hermony Rd., 5 mths. F. Gadljs Galant Yother 22. 2,37,
Hazendel %at., Athlone
Bohy Naviaen 7 Frith Str., Claremont H mtha« Fe Susan Daniels Avmt 7 750, Same Address.
Mps=s5 Patersgen c/o Kl & Strandfonteln Rd., 5 mthe. Mo Jock Prulse Lodper Lo 779, " 4
Wynherrs
RBhrahim Sesmen Off Johnasnn Rond, Athlore. A mths. M. Magele melen Aumt 3e 7449, " "
Auirey Lotter A5 Cantertimy Flats, Cepe A mtha. F. Sarah LEtter Mother 4410700
TOWN e
Bahy 9 srtz Clurech Straet, Somorisst & mtha, V. - - - Not Investipeted,
Yest.,
Brian Maniel 13 flyndnle Str., Tape Town 6 mthse Me Lena Fortuin Lodper 12, 7+£7. Beme Addresg,
Omar “oriricks Hempton Bstate, Crnvford. 6 mths. e Juria Abrahams) Feiph=  (21. 7.50
Charlie =n ) bourss (29, 2.50
Jdengt Rauhenteimer "Hornvia", Derby 3d., Lens- 7 mths. F. Rechael Ranten- ¥other 22. 1.51

downe.

heimer.



TARLE ¥XVII. {cortinued).

B, 2 o S R i e
Pulmorery Tnberculoei= Oontacts.
Fame . Address. Ace. SeXa
Relation Fotified
Mrme o to Patient =e Pul, Renarks,
- — T«Fa Ong S
Joyco Feston 23 Albert Td., Wood:tockes 7 mthe. Fe Sam ¥nrtin Father By PaFl,
Eva Ae Fruyn “nd of Clenbolr Rd.y Parow. 7 mthe. Fe. PFrark de Pruyn Father 15, 3.!
Wanr=ita Cunldeo 53 Arnledene RA., 7one P., 7 mthee Fo Sam Cupido Thele NMed of T.R. Neca
Silvertomm, Athlone. 1250, Ssme Aldress
Michael Nlerke No. 1 Fifth Str., Strard 7 mthes HW. Karrle Telsn At Be 7a/a Same Address.
Valerie Fllint 12th Avea., (of{ Ste (leorgels £ mthe. F.  Arma Wlliot Vother Pe 3a5la
Nrive) Netreat,
farol Momeg 207 Ploemtof Flats, Block B. 84 mtha, ¥. Olpga Moses Mother 20, 9.50
¥cFengzie Ste., Cane Towm
John Nanuel 8th S5tr., Hth Avenue, 2 mths. ¥. Jeck Pope Lodrar 12, 7442 Same Addrees,
¥engirnpton.
Anthony Moses 82 Norp Straet, Cape Town. 2 mtha. ¥, Richard Salie Lodper 28.11.4% Some A4ddress.
Sugan Chinnandale 6 ock Road, Rlack River. 9 mtres Fs Devid Juliues . ) Thele 23. 2,50) Same Addrecs,
¥ichael Joetzee) Lodger 16, R.48) Seme Address.
Tmily Seott 178 Dove Str., Salt River. 2 mths. F. John Scott hele 20.11.47 Seme Addrecs.
Tawn ¥nicsht fth Str. off 2nd Ava., 9 mtha. Fo Moagdaline Knipht Sdster Pal2.486,
Kenainoton.
Rohert Kleinsmldt Rubob Yo.13 16th Ave., 9 mthe. M. Auvdrey Derntu Lodger 14, 8.46. Seame Adiress,
Crawford, (Arrahems )
"nsaline de Viliders 103 Acre 7d., Goodwood 10 mthee Fo Willem Ae Villiers Father 19, 1.50
Isarc vals Vent 36 lat Ave., Rokmakierie 10 mthe. M. Joehn veds Vent Frther 2Re F.5l,



TARLE XVIl., (continued),

Colnirrod Pationts.

Pulmonary Tubercnlosis ontacte

Name . AAdrons . e . Sex.
Rel=tion Fatified
¥ame , to Patient. 28 Pul,. Remnnrka.
T i T«Es ON
andrew Cambha. 115 C;ﬁbviﬁﬁn r,, Flziag 11 mthae Mo - - Yot investisnted.
River.
Johr Clinren. 23 Tennison Atr., Salt River 11 mths, Ve Joserh Isanca Lodger 7. 2,49, CSame Mddrese.
Grmnat Faasgiom. Kinvia strothallon Rd., 1 yr. e - - Not Investignted,
Blnck River.
“il1fred Ceorge. Off Raths Rd. “ynberg. 1 yre Me (Mavis omith (Auntie 20e B.,43) 2ame Address.
(Mawd smith (Couein 9, 1,51) Seme Address.
Nan Stephena. PFineirone Ri., Tiervlei. 1 yr. Ve - - Kot Investicated,
Francls Pirie. 27 Londnn Rd. Salt River, 1 yr. Fe Richard Dirk. Grent 2. BoR0 Seme Address,
trand father,
Joey Martin. 13th Av., "indermere. 1 yr. Fe Peter lLertin Father ch;nnnd Citv "oap
retive TR,
Rhondn Adamg. Ternwond Tetnte, Aberdeen 1 yr. Fe  erald Adams nele Ne 1A/5/580 of Pul,
Cotts, Nloremont. TeR»
Jorn Ynasdorp, Block 24 Yo. 9 0. Town, 1 yr. Ve Susan Veasdorp funtie NelD48  Same Address.
Athlone.
Galima Majiet. 3f ¢/o Prneras "nd Thorn=~ 1%.:."*. Fe Navaine Majiet Yother 0, £,50
ton Nds., Clecnoor. )
ath Ce
Joeassie V'akrlils, c/o I're Ashe. Brny, Grass- 11 T . Fe - - ¥ot investicated.
nere Qtﬂn, Ath B }.E
Jan Yaart, Tulbagh, 11 . Ve ~ - Yot Investipgated,
Jermifer YWendrikse. 1 ™uxley Ava., Athlone, i ?’hﬁmths.h ¥1lli-~ Erot:z Lodger 14, 3,50, Same Address.
Trenda qudolf, Voserl “tra, Parowe 13 =, Fe - - Not Investigated,



Colowmread Patients.

TARLE, XV1I. (cortinued,)

Pulmorary Tuberculosis Cortacts,.

Name o Addresn. Ape. Gox,
Relntion Notifiled
Xame. to Patient ns Pul, Remnrika.
== - - - TPy OTe .
mlizrbath Rovartao- Ird Street, Jth Aveonue, ﬁ%ryrs. Fe« Toris Largley. Yother, Spreecned City Yoen
(Lonelay) windermere, ' Active T.P,
Fidronian Shrirdick Yos 2 Jaye Villn, 'moepr Pep- 1% yrs. Fe  Bobby ¥eidoo. Lodper., 18. 1,50, Bame Addrece,
per Stre, Cane Town,
Merdar Fahr c¢/o Jamnrl's Shror, Tiarnton 14 yree Fa Allie Kahn. Mmele. s 2u ' Ta Lives mext door.
-."ﬂ'" f‘:"ﬂ{‘mﬂ‘?, .ﬁthlﬂ‘nr_’- .
Marids Temate 17, Rodrer Street, Cape 14 yre. Fo Fhrahim Esdar. Lodger. 1%. 7.80. Same Addrecs,
Towra
Patrorelln YMarmatu. 2ylmds “state, ¥Y1ipfontein 12 yre. F. - - - Yot Inveztig=atod,
Rd e Athlone,
Vardda 'amrond. Maszels Vlel Rd., Tellville 1% yre. F. - - - Kot Invertiegated,
South.
Yelvyn Ravrond, Vauxhaul, of de "Wanl 1= yre. M. Regins Raynond. Yother., 12, 1.49.
Nrive, Ca~e To“n.
Terrietts Cloete. Teroma, TTper Park Rd,, 1% yrs. Fs Abraham Cloete, Father. 10. 7.51.
Walmer Eats "ondetocks
Starley Lakay Lily ¥illn, § Yowhbray Rd., 12 yrs. e  Isabella Mathess Lodper Ze 48 Trme Aress,
Maitland.
Tarida S0lomans,. c¢/o 3rd Ave, Ylirfonteir Rd., 1. yre. Fe Navid Sclomons. Theles 12« TeFD, Same Addrecs,
Zlaies iver. ,
Fosmline Lakny. P4, “trand IInos Mlossa, 1. yrs. F. - - - Yot Investicrted.
Ye Towm, Athlone,
"11fred Davida, 33+ Avenue, Grassv Park, L yre. e - - - Not Investieated.
2race Ieaacs, Atk, Averne, fMrascy Park, 12 yre. P, Susan Isascs. Tother. Nied or 17,4.50.

of Pulmonary T.B.



TAPLE YVIT. {continued.)
Colourad Patients.
Pulmonary Tubereulnzis Contact.
Name Aldreas, Aoe, ZeXe o
Relation Notified
¥rmes to P=tient ns Pul. Jemarkn,
e Table OTa o _—
Zoria ™illisms. 5 Cross Nulward, Ne Town, 13 yrs. F. "illem Stout, Uncles €5he Hal7e  Same Address.
Athlone,
Brain Mrthews. ? wan der Lear Stre. Cape 1) yrs. M. Joseph ¥sthews, Uhrle, S, 7.44, Same Address.
T
Valeris Lawrence. 7 Fannebnat Close, 0O.Town, 1% yre. F. Dorothy Willi~-mse, Lodger. Phd, 4448, Same Address.
Athlore.
0 fornelis=en. loor Street, P oarl, 1% yrs. F. - - - Fot Trvastiznted,
C: Rohson, c/o0 4th Ave, and 5th Str. 11 yra. F. Pleter Zaal, Lodrer. 22. 7+48B, Same Address.
¥ensincton.
Samah Hamrersaley, Nos 8 off Vyhurg Road, Diep 1} yra. F. - - - Not Investipated,
Civer, o
Pamelas ¥dzann., 3rd Ave, Welcome Fsatate, 1% yre, Fa - - - ¥ot Investirrnted.
Athlone,
GoTONegen cellars, 55 Peprer Str.,; Cnpe Town, 18 yrse Fa Rechmat Losner Lodeer, Be 333, Same Address,
12 {Edviereg)
Alice 2tsfford, Loiger, 15, 2.50. Same Addrese,
Foosn Job, 1Ath Stre Fth Aye,, ¥Yensing- 2 yrs. M. Johanns Barron Lodeer Fe le47. Same AidArass.
ton Anthonvy King. Lodger, 1.10.50, Srme *Adrecs-,
Samnt "endAricksg, 16 Vrede Stre., Cape Tovn. 2 yra, M. - - - Mot Investirated,
Solaymen Tsmael, Mtkyk, 3rd Avr., ¥Yensineton. 2 yrs., M. [Mrs. Tomnel. ¥Yother. 15 2.48.
Harold Petersan, Abdullnah's Cottaccs, YMaln 2 yre, Y, - - - Vot Investignted.
2d,, Conctantia,
Paul rdnre. 11 Ae Villiers Lane, Cnne 2 yrs. M, Tormy Adams. Erother, fal2,43.
TOWN Paul Adams. Brother. 13« 2.37.



Coloured Patients,.

TARLE XVII (continued)

Pulmonary Tuberculosis Contacts.

Name Address. Age. Sex.
Relation Yotified
Nome, to Patient. ag Mil. Remrrke.
T.B. 0N
Salena Toffle o1l Ave, Belprewvia, Athlone., £ yra. Fe 52llie Hattingh. Unele. Be 2451 Same Addrecs.
Roeie Cornelius 287 Coronsation Rd., Maitland 2 yre. Fs Sarah Cornelius. Mother, 4,10.50
Serhinadams,. Toyngend Stre, Goodwood. g yrs. F. = - - Vot Investigeted.
Jean Arnpels, 41 Hripgh Ave., Graden Villape 2 ;ra. Fa Jene Appels. Cousine dellesB Same Addreosa.
Maitlnnd.
Anne Smith. Ath Ave., Bokmakierie. 2 yrs. F. Johanna Smith. Sister, 31l. 4.4EB
Everard Fortuin Bath Road, Caledon, 2 yre, Fs Chrislen FKel. Lodger. On woiting Iist
for Nelsnoort
San=tor 1um.
Amaline Simons 29 Coronation Hoad, Weod~ 2 yr=2. F. Johm Sunmmers. Grend - 27, 4850 Same Address.
stnck. father
william Ctto Park 2treet, Porterville. 2 yrs. M, - - - Not Investipated.
Vagdnlena Mathews 4 von der Meulen Stira., 2 yrrsse Fe Shedrick Daniels. Lodger. ©B2. 150 Same Address.
Cape Tovma
Jennifer Rhoode. 202 Andrings Str., 3tellen- 2 yrs. Fo Willie Adems. Lodper. ¥ptified through
bosche Health Centre,
Stellenbozchs.
John Jacobs Falrway, Lske Rd., Grassy 2 s, M. Srmuel Jacobs. Brother Died of TWB. in
Park, City Fospital.
John Smith. The ¥ook, Hope Straat, 2 yra. M. Corrie Hendricks. lodger. 0. 545, Same Addrecss.
Clzremont.
John Edwsrds Stellenboschs 2 yrsa He. - - - FNot Investigrted.
Lorraine Felix 27, 36th Ave., Blsies River. 2 yrse F. Gerald Felix, Brothers 13. 5.50



Colowured Patirnto.

THBLE XVII (continued)

N erne

Kelldis Ovlnin

leonard ven Hoght..
Georpe Kock.

Joan Ambril,
Margaret Jordasn.

Johm Merntoor,
Tommy P-terser,
Julia Arries.
Vagadene Adams
Viriam yosik.

¥irdam Jaenhe.
Pleter Clnote.

sylvia Fortuin
pmdrdes Plaatjies

Pulmonary Tuherenlosle Contrcts.

addroes . Aor s Sax.
Relatinn ¥otiflad
Name . to Ymtient. »s5 Pul. Hem=rks.
I TeBa oOnas g
51 Garden Villape, Somerset 24, yra, R, - - - Yot Tnvestigated.
Heat,
Bolgrsvir Faot. Athlonee. 3 yra. M. John van Heght. Father. 21.10.46
e/0 Y. van der Merwa, 3 yrse M. - - - ¥ot Invertignted,
Vrolikheid, Tulbagh.
73 5ixth Str., Elsies River. 3 yrs. F. - - - ¥eot Inveetipgrted,
40, 11th Ave,, Elsies River. 3 yrs. F. Mr. Jordsan, Father, - Sereened City
Hosne Active T.R.
123 Weiners 3tr., Vasco. 2 yree M. Coroline Mentoor, Mother. 4e leEle
Grodon Str., Somercet West. 3 yre. T« FEdward Rhoode Lodger. Fotilied through
Somerset West
Munieinnlity.
S van der Leer Otr., Cnpe 3 gree Fe Joseph Smith. Lodger. 2.12,48. Spme Address,
Tovwn.
24 Agpeling Street, Cave 3 yrs. Y. - - - Fot Investigoted,
TOYT e
Bibila Mouse, 4th Ave., 3% yrs. F. Africa Masik. Unale. 2,11.50. Bame Address.
Athlone,. Proadway Kesik. Cousin 24,11.50 Same Addrecs.
96, 8th Ave., Windermere, 3% yrss Fe - - - Not Investigated.
70 Place of Safoty, Q.Town 4 yras, M, Jaccb Abrahems, lodger. 2. 7,49, Same Address.
Athlone,
Ce8, Uatrooafonein, 4 yrs. F. - - - Fot Investigsted.
cfb Yodderd qd and 12th 4 yrs. M. - - - Kot Investigated,

Aveé., Bel vil ' Southe



TAPLT XVIT (continued).
foloured Patients.
Pulmonsry Tuberculosic Contrets.
e, Addrana., A Her.
Talation Wotified
Foamea to Intient. as Pul. Remarks.
TTle OT
Tarri~t Datnher. 17th tve,, Bellville Souths o yree Fo - - - Yo fontoct,
Moana~ Tasedori. ¥lirlontein tley Athlone.  yra. Fe - - - Yot investic-ted.
Valerin Datnmaer, forraster 1., Terste Yiver, B vrn, Fa e o " ot Tnvestiested.
Grace Corions Juemine, Galvay d. off 6 yrs. F« TNorethy tordon, Aumt. PBe lad4, dame Addresse.
Foscormn 1, Pealthfielsd
¥nr~ Philliips. Yo. 13, 5th Ave., Polmrkie=- A yrsas. e annisa Phillips. Yother. Nied 14.5.,1242 of
rie. Pulmonsry TR,
Johrnnia Sehnltz, Pdth tye., off KlinTontein 6 ¥r8. Fa - - - ot Investigated.
Wdey Wlsies River.
Johannes “mit,. e/0 Rev, Loodtz, “octrelde £ yTs. e = - - Fo Contect,.
Ttr., “tellonbesch,.
willdsmr "Moolfe. c/0 M, Anndr-gh, e Bron A yra. e - - - Kot Investip-ted.
Brekenfel.
imite Ohrietinne, 22 An amer “tr., Prooklym. A yrs. T e - - Fo Mfontacts
Ephroim Tavids, 12 Frere “tr., CeDde TOVN. A yrse M.  frmine Kleinsmidt. Lodper. B8y BlD,. THoe Mrmrza,
tga “Somigoilien. & A rombrink “tr., Cape T yrc. Fea - - - Yo rfontret.
To Tis
Batimn Taxrell 52 Jordarn “tre., Tnba Town, 7 yrsa Fa £lis Maxwell Fother. He 4451,
Annsa Bouots ¢/0 Tr. le Roux, Purmndy 7 yrse  Fa - = - Yot Investie-ted.
Frarnchhoek.
Elleor 0Olivier. 52 Berttie Ave., C-rden Vil T oyrd. Fa - - - ¥a Contret.

legrey “mitlond.



{continued)

TARLE ﬁ;{I
Colowrred Patientse

Pulmonsry Tuherculosis Cohtrcte,

Fame. Address. Areae Sex.
Relation Yotified
Name., to Patient as Ful. Femarks.
TeaHs O
Lavona Adams. Spes Bona, Lower Neouchworth 4 yra. Fa - - - Vot Tnvestiented,
Mdey Athlone.
Cornelin Alexander. ©8 Crosa Streety Copa Towne 4 yrase Fo - - - Yot Investieated,
Peter Franse. 46 Qverton Rd., Zone B., 4 yre. V. - - - ot Investipated.
Silvertowm, Athlone.
¥npamat Tsancs. 9 Coburn Street, Cape Towne, < yrs. ¥, ¥rs. Isancs., Ar.frand= Screened Tity ReDe
mother. HEns -~ctive T.R2,
Joseph Freemsn £ Togkln Lane, Cnoe Town, 4 yrs. Ve John Cruyworen. Lodroer. PR, 74T Same Addrass,
H13a Smithe. 14 Dryien Street, Salt River. 4 yre. Fsa Freds Smith, Yother, 24, 2,50,
Martin Scott. 1A Dove Street, Snlt River. 4% yre. M, John Scott. Father. 20.11,47,
Eyhan Salie A7 Secotasche Kloof, Cape 5 yrs. M, - - - Not Inveastip-ted.
THwne
Abdullah Achmnt., 1l ¥areg Strect, Oh ervetory. 5 yra. M. fava Tsmnmel, Lodger. 15. 9.48, Srame Addresc,
Liocnal Swaire. 13 Ae Smith Stre, Cane Tovn. 5 yrse M. Victor Fernandez. Loiger. 14, 150« Same Addresse
Ebrahim Snyman, Mo. 16 Canterbury Str., 5 yrse M. Dirk Rason,. Lodger. l, F.44, Same AAdress,
Cﬂ?ﬂ'—,‘* Towns
¥ary Jo“nson, 128 Alenboic Str., Parow. 5 yree Fo - - - Not Investipsted.
¥eville Collison 7 de Smith Str., Cnpe Town. 5 yrsa. V. Sylvia Collison Sister. 14, 9.50,
Valantire Adams,. ¢/o ¥r. Jordn-n, Tteunis 5 yrse Ve - - - Not Investipsted,.

Krnal, Tulbagh,



Cnlowred Patients,

TARLEY YVIT (continued).

Pulmonary Tuberculssis Cont=ecice.

Taune . Address. Age. Sex.
Relstion Notiflad
Names to Patient. as al, Remarks,
T«He On
HWarrist October, 12th Ava., Rellville Souths 5% yrs. F. = = - F¥o Contict.
Mooss Waasiorne Flipfontein Rd., Athlone. £ yrs. F. = = =1 Not investipg-ted.
Valerjie Peterczern, vorroster Ul., Bersta River, A yrs. Fe - . - Yot Investipnted.
Grace Gordone. Jnemine, Galvay Rd. off & yr=. F« Torothy cordon, Aun te P8, 1,44, Seme Address,
Roscormon Rde Healthfield
¥ora Phillips. Yo. 13, 5th Ave., Bokmakie- € yrs. Fe Arnie Phillips. Yother, Died 14.5,1249 of
ric. Pl.l]manf-"l‘:'," TRy
Jehanns Scholtz. 24th fvee, off Klipfontein 6 yrs. Fo - - - Fot Investigated.
1.'111!’ Tlalea River,
Johannes Smit. ¢/0 Nev. Loodtz, Soetweide B yrse Me - - - Fo Contect.
8tr., “telleanhosch,.
William woolfeo. e/o Mr, Anndr-gh, rle Bron 8 yra. e - - - ¥ot Investigsted.
Brnekanfale
inita Christians, 72 dn Oama “tr., Brooklyn. A yrse e - - - Fo Contact.
Tphraim Davids, 12 Trere Str., Cape Town. 6 yrse Mo srmina Klelnsmidt. Lodger, oF, 3,40, Same AdATe==,
haa Samsodien. 6 A Combrink =tr., Cape 7 yrsea Fo - - - Fo Contrct.
To" M
Patima Waxvell 58 Jordann Strs, Cape Towne 7 yrse Fe  plie Vaxwell Fether. Es 22514
inna Bougnt, e/o ¥, le Roux, Burgundy 7 yrse Fe = - - ot Investipoted.
Franchhoek.
2ileer Olivier, 57 Benttie Ave., Garden Vi1 7 w¥rs. F. - - - Fo Contact.

lape, linitland,





