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INTRODUCTION AND PURPOSE

The widespread use of mass roentgenographic surveys in the
past decade has led to an increase in the proportion of individuals
having few or doubtful clinicel signs and symptoms of tuberculosis.
It is difficult and often impossible to demonstrate the presence of
the tubercle bacillus in the excreta of such individuvals by the use
of cultural methods in common leboratory use. Since recovery of
the tubercle bacillus admits of no further uncertainty in the dia-
gnosis, its detection in doubtful cases has an importance which can
scarcely be overestimated. Paucity of bacilli is an especial charac-
teristic of the early stages of tuberculosis, and it is particularly
in such cases that the conventional laboratory methods for their
demonstration are unreliable, As a résult, a negative culture is
often regarded with doubt if clinical symptoms are suggestive of
tuberculosis and no other pathogen has been isolated. A4 further
disadvantage is the length of time required for a positive diag-
nosis to be made. What is needed, then, is & method by which oue
can unfailingly, and in as short a time as possible, make distin-
ction between a suspect specimen which conteins rare tubercle
bacilli, and one which contains no bacilli.

4 closer approach to this ideal is provided by the oil
partition method, which was developed by Hawirko and Murrey

(1951, 1954) for the demonstration of the tubercle bacillus in
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pathologic material. The essential feature of the method is the
spontaneous migration of tubercle bacilli from the water to the
0il phase of an oil-water emulsion, this spontaneous migration, or
partition, being associated with the hydrophobic and lipophilic
properties of the surface of the bacillus. It was demonstrated thet
oil partition provides a reliable metﬁod for the complete collec-
tion of small mummbers of tubercle bacilli contained in a large
volume of fluid, into a smell compact volume of oil. Attempts to
cultivate the bacilli collected in this manner were not entirely
successful, and this was attributed, in part, to the experimental
finding that exposure of tubercle bacilli to vegetable oils had a
deleterious effect on their ability to proliferate in artificiel
media. However, it was possible to produce tuberculous lesions in
guinea pigs by the injection of oil partitioned tubercle bacilli,
which indicated that they were not irreparably damaged by exposure
to oil.

This investigation was undertaken in order to find either
(a) a means of reducing the damaging action of vegetable oils upon
the tubercle bacillus, or (b) a means of restoring their viability
after exposure to oil, so that they might be successfully culti-
veted. Thus, it was hoped, the remarkable capacity of oil par-
tition to collect tubercle becilli from aqueous suspension could
be applied advantageously to the demonstration of smell mmbers of

these organisms in clinicsal specimens.
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REVIEW OF THE LITERATURE

1. The Development of Methods for the Isolation of M. tuberculosig

Since Robert Koch isolated the tubercle bacillus in pure cul-
ture in 1882 and demonstrated that it was the etiologic agent of
tuberculosis the technical methods advocated for isolation of the
bacillus are remarkable for their nmumber if not for their efficiency.
Koch's successful isolation of the bacillus on inspissated blood
serum served admirably when conteminating micro-orgenisms were absent
from the material being examined, or were removed by passing the
material through the guinea pig. However, as conteminating organisms
are seldom, if ever, absent from the pathologic materials in which
the tubercle bacillus is most often sought, and as preliminary animal
passage prevented any attempt at cultural isolation for a month or
more, other methods were sought which would allow the demonétration
of the bacillus more rapidly and with more certeinty.

The first successful isolation of the tubercle bacillus in
pure culture after preliminary decontamination of pathologic material
was achieved by Uhlenhuth & Xylander in 1908. These workers treated
sputun with Antiformin, the patented nsme of an alkaline salution of
"hypochlorites of soda! which was introduced in Sweden in 1900 as a
cleansing agent for brewing vats. In 2-5% concentration, antiformin
was lethal towards colon and paratyphoid bacilli, staphylococci,

streptococci, meningococci, and pneumococci but tubercle bacilli
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and a nmmber of acid-fast saprophytes were refractory to this con-
centration. Thus, was the use of antiformin as a differential
bactericidal agent suggested. It was further observed that anti-
formin had an excellent dissolving action on the mucoid and cellular
elements in sputum and that centrifugation of the dissolved decon-
taminated sputum served to concentrate the bacilli in the sediment
which collected as & result. Uhlenhuth's technique was to add‘anti-
formin to sputum in a final conceantration of 15% and allow it to
act for two to five hours. Following this, the material was cen-
trifuged, the supernatant removed, the sediment washed with physio-
logic seline and injected into a guinea pig or onto coagulated serum.
Uhlenhuth remarked that the viability of the bacillus was in no way
depressed by this treatment as judged from the observation that
positive cultures were obtained within two to three weeks, and he
succeeded in isolating tubercle bacilli from a variety of infected
materials.

Griffith (1914) improved this technique by reducing the con-
centration of antiformin to 5% and the time of exposure to thirty
minutes in recognition of the fact that prolonged exposure to anti-
formin was detrimental to the viability of small mmbers of bacilli.
It is possgible that Uhlenhuth did not recognize the need for this
refinement, as his experimental materials most probebly contained
massive mumbers of bacilli, viz.- "Auf diese Weise konnten in
zahlreichen Versuchen Reinkulturen von Tuberkelbacillen erhalten

werden. Auch aus tuberkuldsen Orgenen - wie z.B. verfaulten
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Hilhnerlebern - gelang es, die Erreger der Geflugeltuberkulose in
Reinkulturen zu zichten".

A second impoitant improvement adopted by Griffith was the
use of inspissated egg medium for the cultivation of the bacilli on
primary isolation, egg medium having been introduced by Dorset (1902)
as being most suitable for cultivation and study of the tubercle
bacillus.

Griffith's modification of the antiformin method proved
fairly successful in the hands of meny investigators,and in par-
ticular in his own hands,for the massive study which he performed
on the relative incidence of bovine and human types of tubercle
bacilli in human disease. This was, indeed, the method of choice
until Petroff (1915) devised the well known sodium hydroxide method.

The sodium hydroxide method was accorded almost universal
acceptance and although modified slightly by individuals to meet
their own requirements is used to this day in its originsl form.

It consists essentially in exposing the material to be cultured for
tubercle bacilli to an equal volume of 4% sodium hydroxide for
thirty minutes at 37°C. This treatment serves & dusl purpose: the
specimen is homogenized and contaminating microorganisms are des~
troyed, leaving the tubercle bacillus intact. The digest is nsut-
ralized to free it from alkali and centrifuged to concentrate the

bacilli in the sediment which results. The sediment is used for
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seeding tubes of inspigsated egg medium containing a bacterios-
tatic dye which is included for the purpose of inhibiting the
development of conteaminants which may not have been destroyed by the
sodium hydroxide treatment. Petroff originelly used gentian violet
in the egg medium, but this has been superseded by malachite green,
as the former dye imparts too deep a colour to the medium and is
bacteriostatic toward small inocula of tubercle bacilli. This, and
the introduction of more complex egg medla have been the only sig-
nificant changes suffered by Pesroff's method since it was first
announced in 1915.

It was soon apparent that sodium hydroxide treatment impaired
the staining reactions and viability of tubercle bacilli, especially
on prolonged contact or at higher temperatures. This fact spurred
the efforts of numerous workers in the search for a material which
would be truly selective with regard to its lethality for contam-
inating microorganisms and at the same time possess a lytic effect
on sputum. In all these studies the principle borne in mind was
that initiated by Uhlenhuth and improved by Griffith and Petroff
respectively, i.e. chemical decontamination and homogenization of
the specimen followed by centrifugation for enrichment of the
inoculunm.

Bossan and Baudy (1922) were the first to use sulphuric acid
and Lwenstein (1924) improved their method. He advocated the

addition of equal volumes of 15% sulphuric acid to sputum and
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allowed it to act for fifteen minutes. Corper (1927) recommended
6% sulphuric acid. Its action was not as rapid as that of sodium
hydroxide but it was relatively less lethal for the tubercle bacillus.
Further, the mucoid substances in sputa are slightly soluble in
strong, but not in dilute acids. Therefore, upon dilution of the sul-~
phuric ecid, a precipitate forms in the digest which aids in car-
rying down the tubercle bacilli upon centrifugation.

The use of sulphuric acid in 6% concentration has become
fairly widespread but as it is & rather inefficient sputum solvent
it is recommended chiefly for "thin" specimens which do not contain
a large amount of pus or other temacious material. It is also
important that the exposure of the tubercle bacilli to the acid be
kept as short as possible since prolonged contact is detrimental
(Willis & Cummings 1952).

Many other materials have been investigated but have not
achieved widespread use despite claims of superiority made by
their advocates. This group includes oxalic acid, hydrochloric
acid, emmonium carbonate and ammonium hydroxide (Corper 1927;

Corper & Uyei 1927, 1930, 1934),a ferrous sulphate - hydrogen
peroxide mixture with traces of sulphuric acid (Jungmann,1938;
Nessau 1942). Oxslic acid was preferred to sulphuric acid because
it is stable in solution and can be obtained as a pure crystalline
compound. Further, it is reportied to be innocuous for small

nunbers of tubercle becilli, is & good differential antiseptic, but
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is a poor sputum solvent. Taylor (1950) reports that a simplifi-
cation of the oxalic acid method proved superior to a number of
other agenis for the preliminery treatment of lymph nodes, lung and
spleen tissue for the recovery of Myobacterium johnei, Hydro-
chloric acid in 3% concentration was recommended for thin clear
spute just as sulphuric acid. Ammonium hydroxide is an efficient
Bermicide but too toxic toward the tubercle bascillus in a concen—
tration and time interval necessary to destroy contaminants.
Ammonium carbonate promoted rapid liguefaction of spute and was
reportedly not lethal to small numbers of bacilli. The combination
of ferrous sulphate, hydrogen peroxide and a trace of sulphuric acid
is a very potent solvent for mucus, the reaction being dependent on
the presence of all three agents and peculiar to all mucous secre-
tions. The mode of action wes thought to be due to oxidation of
certain chemical groups responsible for the mucinous character.
Smears made from the centrifuged deposit after treatment with this
agentrcontained from two to ten times more bacilli than the direct
smear, and the staining properties of the bacilli were not impaired.
One hour eprsure to the agent was not lethal for the bacilli, while
three hours exposure impaired the viability considerably.

A noteworthy improvement in the methods commonly used for
preliminary treatment of spute followed the introduction by Corper
and Stoner (1946), of trisodium phosphate for this purpose. The
most desirable features of this materiel are firstly, that it is

relatively less lethel for small numbers of tubercle bacilli and
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secondly, that it is a pure crystalline compourd of standard chemical
compogition. For the cultural diegnosis of tuberculosis it was recom-
mended that equsl volumes of sputum and 10% trisodium phosphate

(23% Na3PO 4o 1R H20) be mixed and ellowed to remain at 37°C for 18-
24 hours. Corper and Stoner reported thaet smell numbers of tuber-
cle bacilli msy remain in contact with 5% trisodium phosphate for

as lopg as one week at room temperature without serious impairment
to their viability. On the other hand, several deys at room tem-
perature or 2, hours at 37°C is sufficient to destroy most con-
taninants. Corper reported that 10-6 mgm of & virulent strain of

the tubercle be.cillﬁs suspended in physiologicel saline was sterile
after 4 days at 37°C while growth was obtained from a similar sus-
pension after 2 weeks exposure to trisodium phosphate. In a com-
paerison of the action of trisodium phosphate, sodium hydroxide and

oxalic acid on Penicillium notetum, Actinomyces griseus and an

vhnsmed acid fast saprophyte it was found that 10% trisodium phos-
phate killed P. notstum and the acid fast saprophyte after 13

hours &t 37°C; A. griseus survived 24 hours exposure. The reverse
was true when these organisms were exposed to 5% oxelic acid for one
hour; A. griseus was killed but P. potatum survived 4 hours exposure.
Three percent sodium hydroxide killed P. notatum and the acid-fast
saprophyte but not A. grigeus. From these findings, Corper suggests
that it may be necessary at times to use alkali and acid treatment to
destroy mould contaminants.

An obvious adventage in the use of trisodium phosphate is
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that pathological specimens which must be transported over a dis-
tance to the laboratory may have the digestant sgent added upon
collection, thus saving time and preventing possible gross con-
tamination of the specimen (Willis and Cummings 1952).

2. The Limitations of Conventional Methods

Corper (1946) bas stated "The diagnostic culture test con-
sists of several essential features, the two most importaant being
the preliminary treatment of the specimen to destroy contaminating
organisms and the choice of a good nutrient medium cepable of
supporting the growth of very small mmbers of tubercle bacilli".

It is in both these respects that the common laboratory
methods for the isolation of the tubercle bacillus ere apt to faill
when a specimen contains very smell mumbers of bacilli, ERefine-~
ments in techniques of clinical diagnosis of recent years indicate
the need for comparable refinements in the laboratory diagnosis,
upon which the absolute proof of the presence or absence of

tuberculosis deperds.

(a) Digestion of pathologic material'gz chemical means:
It is generally asgreed that the relatively harsh treatment

to which the tubercle bacilli are subjected during preliminary
processing of the specimen kills an undetermined nmumber. The
fewer the bacilli, the smaller are the chances that a sufficient
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mmber of survivors remain to form colonies on an artificial medium.

The majority of reports in the literature which condemn one
or another method as being inefficient when compared to some other
method are based on studies with tuberculous sputa which contain
an unknown mmber of bacilli, and are thus inadequate because of the
leck of proper controls. From these studies, however, there appears
to be generel agreement that the commonly used sodium hydroxide
exerts a éonsiderable lethel effect on the tubercle bacillus.

( Tarshis and Lewis 1949; Gifford et al. 1951). In a comparison
of 4% sodium hydroxide and 6% sulphuric acid for preliminary treat-
ment of sputa, Steenken and Smith (1938) found that the former was
the more lethal for the tubercle bacillus and for a mmber of
variants of low virulence. It was observed that the selection of
medium for subsequent cultivation of the bacillus was important.
After exposure to acid or alkali, the H37Rv strain grew better on
an egg medium adjusted to pH 6.2 than at pH 7.2. It was also found
that less virulent strains of the bacillus (H37Ra and Ry) were
relatively more sensitive to the action of both acid and alkeli.

A carefully controlled study conducted by Jensen and
Bindslav (1946) demonstrated clearly the lethal effect of sodium
hydroxide for tubercle bacilli in sputum. It was estimated that
the proportion of tubercle bacilli germinating on Lowenstein -
Jensen mediun after treatment of the sputum with 4% NaOH for 20

minutes at 37°C wes 2.1%. If the spute were exposed to drying



-12-

or the action of light, the proportion germinating decreased to
0.25%. In a few clear spute which contained so many tubercle
bacilli that contaminants could be eliminated by dilution of the
gpecimen, and which were, therefore, not treated with sodium
hydroxide, the proportion of bacilli which germinated ircreased to
80%. The loss of bacilli would appear to be due chiefly to the homo-
genization process, and seconderily and to a lesser extent, to the
centrifugation which follows. iensen believes the culture test to
be more sgemsitive than guines pig inoculation, since the low,
though not inconsiderable degree of resistance to infection which
thig animal possesses, will assert itself preferably with regard to
bacilli which have been most injured by the pretreatment of the
specimen.,

Spendlove et al. (1949) compared the effect of a mmber of
comnon digestants on the viability of tubercle bacilli in aqueous
suspension. Viable counts performed after varying time intervals
showed that the swrvivel rate was 52% after 40 minutes exposure to
10% trisodium phosphate, and 46% after an equal exposure to 4%
sodium hydroxide. However, after 72 hours exposure to these agents,
the survival rate for trisodium phosphate was 45% while that of
sodium hydroxide had fallen to 3%. No survivors remained after
exposure to 5% sulphuric acid, 50% antiformin, 3% hydrochloric acid
or 5% oxalic acid for 24 hours. Sputum hed & slight protective

effect on viability when tested in the same menner.
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Yegian and Budd (1952) reported similer results in an
examination of the toxic¢ effect of sodium hydroxide for the H37Rv
strain. The most significant finding was the high mortality rate
during the first five mimutes of exposure to sodium hydroxide -
almost 50% being killed after this time interval. After the
initial period of exposure, the death rate was significant but not
proportionetely as great.

It was also reported that a resting suspension of tubercle
bacilli waes nelther more nor less susceptible to the action of
sodium hydroxide than other cells, vhich would indicate that the
physiologic state of the bacilli present in clinical meterial is not
an important factor. Yeglan concludes from this study that in
instances where tubercle bacilli are too few to be found in stained
preperations, no more then a very few will survive the action of
the concentration process.

On the basis of the results reported by Spendlove et al. emd
by Yegian it appears that the mode of action of sodium hydroxide on
the tubercle bacillus is similar to that of other injurious chemiceal
and physical agents on bacteria in general; the first unit of time
shows the lergest proportion of deaths, while the last few survivors
require & considerable exposﬁre time before being killed (Topley and
Wilson 1948).

Glover (1952) emulsified normal sputa with saline suspensions

of M. tuberculosis,and added an equel volume of 4% sodium hydroxide
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to these emulsions. After treatment at 37°C for varying periods,
seriel dilutions were prepared end inoculated into guirea pigs. His
resulis showed that as the time of exposure increased, guinsa pigs
beceme refractory to infection by the higher dilutions. Only two
of three guinea pigs showed slight lesions from a 10‘6 dilution of
the originel meterial after 30 mimutes exposure to sodium hydroxide,
while the control emulsion (no sodium hydroxide) produced moderate
lesions in guinea pigs in a 10~7 dilution. After 60 minutes ex~
posure no dilution higher than 104 produced disease in guines pigs.
Gray et al. (1954) carried out experiments to assess quan-
titatively the lethal effects of verious concentrating agents for
tubercle bacilli suspended in elbumin weter end in non-tuberculous
sputum. The H37Rv gtrein was used and its use was justified by the
demonstration that it was more sensitive to the lethal action of 4%
sodium hydroxide than were four freshly isoleted strains. Sulphuric
acid, oxalic aeid and Jungmann's ferrous sulphate-hydrogen peroxide
agent were most lethal and killed in excess of 98% of the bacilli
after 30 minutes exposure. 4% sodium hydroxide for 30 minutes and
11.5% trisodium phosphete for 24 hours killed about 85%. Trisodium
phosphate in & concentration of 7.5% appeared to be less lethal than
the higher concentration and was recommended for this reason.
Further, in confirmatory experiments with tuberculous sputum, re-

covery of the bacillus was best when 7.5% trisodium phosphate was
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used, &8s judged by the fact that a higher dilution of the sputum
produced disease when inoculeted into mice as compared to similar
dilutions of sputum pretreated either with 11.5% trisodium phosphate
or with /% sodium hydroxide. In cultural experiments, growth was
retarded by all agents in comparison with untreated bacilli, This
effect was least marked with trisodium phosphate.

The resulis of these investigations are in good genersl
agreement and focus attention on the fact that the methods adopted
to homogenize specimens and destroy contaminents also kill a con-
giderable proportion of tubercle becilli. It need not be pointed
out that almost any method for preliminary treatment of pathologic
materiel will give positive cultures when there are sufficient
tubercle bacilli to be easily'revealed.by direct microscopy. However,
as the value of the cultursl test lies in its usefulness in detec-
ting small numbers of bacilli vwhich are not revealed by direct

microscopy, the question of selective toxicity becomes important.

(b) Concentration of tubercle bacilli by centrifugation:

Almost all methods devised for the cultural diagnosis of
tuberculosis include essentially two processes: (1) homogenization
or liquefaction and (2) concentration of the tubercle bacilli by
centrifugation. The sediment which results frém centrifugation of
the sputum digest is reteined for examination and the supernatant

fluid is, &s a rule, discarded. Various workers have noted that
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tubercle bacilli are not completely sedimented by the ordinary
centrifugel speeds of routine techniques of concentration. In a
specimen which contains few bacilli this is e serious disadvantage.

Hanks et al. (1938) found that the supernstent fluwid which
remains after centrifugation, erd which is usually discarded, may
contain nearly as many viable tubercle bacilli as are found in the
sediment.

Hata et al. (1950) in an investigation of the efficiency of
centrifugation for concentrating tubercle bacilli, reported that of
& series of 130 sputa with low bacillary content 38% were found
positive by culture after centrifugation and 35% were positive
without centrifugation.

Klein et 8l. (1952) were able to detect viable tubercle
bacilli in the topmost layer of the supernatant fluid in 89% of a
geries of sputum digests‘of varying bacillary content,after centri-
fugation for 15 minutes at 3000 rpm. As & consequence of this
observetion the suthors suggest that examination of the supernatant
fluid by culture or animel inoculation should not be neglected.
Gray et el. (1954) also showed that many viable bacterisl units
remein in the supernatant fluid. That the number remeining is
appreciable was shown by performing viable counts on the supernatant
fluid of a suspension of bacilli centrifuged for 30 minutes at
3000 rpm. in an angle centrifuge. Viable cells in the originel

suspension mmbered 3.5 x 10°/ml and in the supermatent after . -
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centrifugation, 2.5 x 104/h1.

Several factors may influence the efficacy of centrifugation
as & concentration method; these are the relative specific gravities
of the tubercle bacillus and of the digest, and the speed and dura-
tion of centrifugation. Although there is a marked reduction in the
mmber of tubercle bacilli found in the surface layer of the super-
natant efter centrifugation, the increase in the number of bacilli
in the sediment is not proportionate. Thus, it eppears that while
the bacilli are thrown downward by centrifugal force, only those
close to the bottom of the tube actually reach the sediment (Klein
et al 1952).

Hanks & Feldman (1938) introduced the alum-flocculation
technique as & means of improving the concentration by centrifugation.
In this technique 0.2% potassium alum is added to the specimen
simultaneously with the sodium hydroxide. Upon neutralization of
the specimen, the elum is precipitated and entengles the bacilli.
The flocculated sample is centrifuged for 5 minutes and the sediment
can be used for preparing smears or inoculeting culture media. It
was also reported that the flocculated precipitate does not inter-
fere with the cultivetion of very small numbers of baecilli. The
authors obtained results by this method which consistently excelled
direct centrifugation at 1000 x g for one houwr. Other workers did

not favour the flocculation method as it was considered that the
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heavy precipitate from a given quantity of digest greatly reduced
the amount of original specimen which could be used for examination
(Robinson and Stovall 1941; Nagy 1939).

More recently, another flocculation method has been reported
(Weidmann 1952), in which the bacilli are entrapped in a precipitate
of calcium phosphate which results when calcium chloride is added to
sputa already digested by a mixture of sodium hydroxide and trisodium
phosphate, After centrifugation the supernatant is discarded and
the precipitate is dissolved in & solution of sodium citrate. This
solution is used for inoculating culture media. It was reported that
results were superior to direct centrifugation of sodium hyaroxide
digests of sputum.
| Another factor which may be detrimental to tubercle bacilli
during centrifugation is the heat developed during operation of the
machine. It has been reported (Public Health Lab. Service, 1953)
that the temperature of material being centrifuged in a machine
which is operated intermittently for two hours may rise from room
temperature to 40 - 50°C during a thirty minute period of centri-

' fugation. The heat is largely produced by the air resistance
within the centrifuge casing, amd to a lesser extent by the motor.
When neutralization of the digest is not performed until after cen~
trifugation, and in a good many laboratories it is not (Willis and

Cummings 1952), the higher temperature doubtless increases the lethal
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action of the digestant on the bacillus. This is particularly dis-
aedvantageous to successful diagnosis when the specimen contains rare
bacilli. Extreme temperature rises may be avoided by allowing the
machines to cool between periods of operation or by the use of an
angle-head centrifuge in which temperature rises are slight because
the streamlined shape offers a lower degree of air resistance.
Kréger and Rosarius (1949) were not impressed by the use of a
high speed centrifuge for the concentration of tubercle bacilli,
though it had béen reported by other workers to be superior to the
usual laboratory centrifuges. A comparison between centrifuging
specimens of sputum, pus, urine and puncture fluids at 30,000 rpm
in & high speed centrifuge for thirty minutes and at 3,000 rpm in
en ordinery centrifuge showed that high speed centrifugation did not
produce & significantly greater mumber of microscopically or cul-

turelly positive specimens.

(e) The use of coasgulated egg media:

The choice of a good nutrient medium capable of supporting
the growth of very smell numbers of tubercle bacilli is one of the
several essential features in the diagnostic culture test (Corper
1946). Coegulated egg media, in various modifications, are widely
used for the cultivation of M. tuberculosis on primary isolation.
Earlier workers, particularly A. S. Griffith (1914), were most insis-
tent on the value of Dorset egg medium, with or without glycerin,

for the primery isolation of the humen and bovine types of bacilli,
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respectively.

Efforts to improve simple egg media by the incorporation of
liver extract, casein, potato extract, starch, etc., have been mede,
but it 1s doubtful whether the adventeges claimed for these more
conplex medis are as significant as has been alleged., In some cases
the addition of various substances to egg media has had an unfevourable
effect. For example, it has been shown that the incorporation of
glycerin-potato extract to an egg-yolk medium, officially recommended
by the American Trudeau Society (1946), is not only umnecessary, but
may result in a delay in the appearalnce of colonies (Glover 1952).
Attention may be drawn to the.observation of Taylor (1950) that a
simple egg medium with a high yolk content has given a much higher
percentage of positive cultures of M. johnei than the more eomplex
media formerly used. Considerable dissatisfaction exists with
respect to the use of complex egg media for the routine isolation
of tuberclé bacilli.. However, large scale comperisons of the rela-
tive merit of different media indicate that the L&wenstein -~ Jemsen
modification is the most satisfactory for this purpose (Reed and
Morgante 1956).

The empirical use of egg media for cultivation of the
tubercle bacillus has been justified in more recent years by the
demonstration that the yolk of the egg contains & principle which

enhences the growth of the bacilli, In fact, it has been reported
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that a medium composed of 10% egg yolk in distilled water will
support the growth of 10~8 mgm, of a freshly isolated strain of
human type bacilli (Eggerth 1950). When egg yolk is present in
Dubos! besal medium it need be present only to the extent of

1/2500 to allow growth of 10~8 mgm; the basal medium itself must
receive a heavy inoculum before growth occurs. If egg yolk is
extracted with hot alcohol, which removes the phospholipids, the
residue will not support growth of the bacilli vhen added to the
basal medium. Addition of the alcohol extract to the basal medium
supports growth of a smell inoculum, That the phospholipid fraction
.of egg yolk is largely responsible for the extraordinary capacity
of the yolk to stimulate growth of the tubercle bacillus is supported
by the investigations of other workers (Boissevain and Schultz 1938;
Finlayson 1951). Dubos (1948) has shown that sphingomyelin, which
constitutes about 0.3% by weight of the yolk, emhances growth of the
tubercle bacillus. Recently, Hirsch (1954,2) has reported that egg
yolk contains at least two heat-steble substances which promoted the
growth of tubercle bacilli in vitro. One of these substances was
identified as cholesterol, the other was of unknown nature, but
intimately aessociated with the insoluble protein residue remeining
after extraction of the yolk with organic solvents. Egg white has

little or no mutritive value for tubercle bacilli.

In addition to the nmutrient factors in egg yolk, there are
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substances released on heating egg medle vhich may reterd growth

of tubercle bacilli, or inhibit it completely, if the inoculum is
amell. This effect becomes more promounced if old eggs are used in
the preparation of the medium. Hudgins end Patnode (1952) report
that media prepared from eggs more than three days old and used for
the primary isolation of tubercle bacilli show a statisticelly sig-
nificant reduction in their sensitivity, i.e., in their capacity to
initiate the growth of small inocula. It was also nmoted that there
was & decrease in the size of colonles as well as alterations in
colonial morphology when older eggs were used. Corper and Clark
(1946) recognized that the use of eggs introduces & veriable directly
affecting the sensitivity of the culture medium and postulated,
without presenting detailed experimental evidence, that stored eggs,
on heating, tend to liberate free fatty materials into the medium
that retard the growth of the tubercle bacillus.

Cummings et al. (1948) showed that the amount of ether-
soluble acidic material which could be extracted‘from coagulated
ogg media increased as the temperature and time of inspissation is
increased. The rate and amount of growth of the H37Rv bacillus de-
creased as the amount of ether-soluble acidic materiel in the medium
increased. It was recommended that the temperature end time of
inspissation be kept at the absolute minimum necessery to obtain sterile
media.

That free fatty acids may be highly bacteriostatic for the
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tubercle bacillus has been demonstrated by Drea (1944) in his
studies on the factors concerned in the successful cultivetion of
small inocula of tubercle becilli in synthetic media, The prime
condition for successful cultivation of smell inmocula is that the
culture flask be asbsolutely clean. For example, flasks plugged
with cotton and sterilized by dry heet give off growth inhibiting
distilletes of fatty materials which are s@isorbed by the wells
of the flask and form films which are so thin as to be invisible
and yet so antibacterial that an inoculum smaller than 10~2 mgm

of tubercle bacilli will not grow.

3. Recent Trends in Laboratory Diasgnosis

In the continmuing search for improved methods of isolating
the tubercle bacillus in pure culture from pathologic material there
is a tendency to forsake the use of strong acids end alkalis for
preliminery treatment of the specimen and of coagulated egg media for

the isolation of the becillus.

(2)  Engymes:
The use of enzymes for the preliminsry digestion of gputum

was edvocated as long ago as 1903 by Spengler, who used pancreatin
for this purpose. Trypsin, pepsin and papein have also been inves-

tigated by various workers over the years but have not found favour
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because they did not digest purulent spute as actively as did
elkelis (Haynes 1942; Vogt et al. 1940; Sulliven and Sears 1939).

It was reasoned that enzymatic treatment of the specimen
might be less injurious to tubercle becilli than strong acids and
elkelis, but it was elso apparent that many non acid-fast micro-
organisms survived such treatment. Rawlins (1953) advocates the
use of 1% pancreatin to homogenize sputum prior to the cultivation
of the common pathogens of the respiratory tract and reports that
H. influenzese, D. prneumonige, Strep. viridans,E.coli and a mmber
of non-haemolytic streptococcl and Neisserie species are not killed
by one to five hours exposure to this enzyme. Thus, a major ob-
stacle to the development of an enzymatic method of sputum digestion
has been the inability to eliminate contamineting microorganisms.
Leck (1953) reports that treatment of thick tuberculous pus with
streptokinase —desoxyribonmuclease reduces its viscosity and gives
better and more rapid growth of tubercle bacilli. However, no mention
is made of the method used for elimination of contaminants.
Middlebrook et al. (1954) use & mixture of pancreatic enzymes for
digestion and a mixture of 0.5N sodium hydroxide and 0.05M trisodium
phosphate for decontamination of spute from which it is desired to
isolate isoniazid-resistent strains of tubercle bacilli.

Sexholm (1954) has described an enzymatic method for diges-
tion of sputum followed by differential decontamination with a
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& quaternary ammonium compound. He adds pancreatin and Desogen
(methyl-phenyl-dodecyl-trime thyl-ammonium—me thosulphate) to the
sputum simultaneously and concentrates the digest by centrifugation.
He reports that the method compares favourable with the sodium
hydroxide method and would prove better than the latter but for

the slightly higher degree of contamination in cultures. Hirsch
(1954) has also suggested that quaternery emmonium compounds might
prove useful as deconteminating agents if used in conjunction with
enzymes for the preliminary treatment of sputa. He reports that
tubercle bacilli are not killed by exposure to moderaste concentra-
tions (0.1%) of the cationic detergent benzalkonium chloride
(Zephiran), while a concentration as low as 0.005% exerts a rapid
bactericidal action on non acid-fast microorganisms and on seversl
seprophytic mycobacteria. Zephiren exerts & bacteriostatic action
ageinst the tubercle bacillus however, so that its use as a dif-
ferential decontaminating agent would make nhecessary the washing or
dilution of the material to be cultivated, in order that the concen-
tration of the detergent be reduced below the bacteriostatic level.
Hirsch also suggests that benzalkonium chloride might be useful in
distinguishing saprophytes from avirulent or attemusted bacilli,
which is a problem of current interest in connsction with the bac-

teriologic study of pathologic specimens from tuberculous patients.
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(b)  Media: |

The development by Dubos and his associates of the now well-
known and widely used Tween-albumin fluid and oléic acid-albumin-
ager media (Dubos and Middlebrook 1947) has stimulated, anew,
interest in the factors essential for growth of the tubercle bacillus,
especially upon primary isolation. The demonstration that visible
dispersed growth could be obtained in the Tween-albumin fluid medium
within ten to fifteen deys of seeding with a small inoculum indi-
cated its use as a diagnostic tool for more rapid results than had
been customary up to this time.

Exemination of the suitability of Dubos Tween-slbumin fluid
medium has been undertaken by e mmber of workers and has been
shown to be as sensitive as the guinea pig for detection of small
mmbers of tubercle bacilli (Foley 1946; Roberts et al. 1950)
Disadventages were the frequent contamination by non acid-fast
becteria, and the necessity of confirming growth of the tubercle
bacillus by the microscoplc examinetion of smears prepared from the
culture. Konowalchuk and Reed (1951) showed that the contamination
problem could be overcome by the incorporation of 1/1,000,000
gentian violet in the medium; this concentration of the dye does
not inhibit growth of the tubercle bacillus. They proposed that
diagnostic cultures should be set up in Dubos' medium with gentian

violet and on conventional egg medium, simultaneously. Tentative
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conclusions could then be drawn from microscopic exemination of
fluid cultures after seven to ten days of. incubation and confir-
metory evidence obtained at a later date from the solid medium.,

Hirsch (1954,b) hes introduced & modificetion of Dubos'
oleic acid-albumin agaer medium in which the fraction ¥V albumin is
replaced with activated charcoal. The growth of mycobacteria on
this medium is as good as that on egg or albumin media., Further, the
charcoel medium has the seme capacity as oleic acid-albumin agar to
initiate the growth of the tubercle bacillus from very small inoculs.
The charcoal is thought to act by a&sprbing toxic materials from the
agar just as fraction YV albumin.

Whalen and Mallmamnn (1955) have also introduced a charcoal-
agar medium for consideration as a disgnostic culture tool. This
is also & modification of the Dubos medium, and again activated
charcoel replaces the bovine elbumin. The charcoal preparation used
in this medium was reported to be equivelent to human serum and
oleic acid~-albumin complex in stimulating the growth of recently
isolsted strains of M. tuberculosis. Ethyl violet in & concen-
tration of 1/400,000, 100 units of penicillin per ml. and 100
micrograms of cycloheximide (Actidione) were included in the medium
vhen used for the isolation of tubercle bacilli from spute. This
medium was superior to Petragnani egg medium for the primary iso-
lation of the tubercle bacillus in that there was a lower incidence

of contaemination, a greater number of positive cultures and more
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rapid appearance of growth.

In a geries of recent communications, Tarshis et al. (1951,
1955) have reported on the use of a blood agar medium for the pri-
mary isolation of the tubercle bacillus. The medium consists of
blood agar base hydrated with 1% glycerin and 25% outdated human
bank blood, and can produce visible growth from small inocula of
tubercle bacilli within ten to sixteen days. Penicillin amd
melachite green are added to the medium to reduce the growth of
contaminating microorganisms. A comparison of this medium with
Lowenstein - Jensen medium showed it to be superior to the latter
with respect to the number of positive cultures obtained and the
rapidity with which growth occurred. The advanteges citéd for the
charcoal and blood media as compared to egg or albumin media include
economy, reproducibility and ease of preparation.

The yolk sac of embryonated eggs has also been used for the
primary isolation of tubercle bacilli. Pure culture studies have
shown that the tubercle bacillus proliferates rapidly in the yolk
sac of the chick embryo and also that it will support the growth
of minute inocula. Brueck and Buddingh (1952) were able to demon-
strate the presence of acid—fast bacilli in yolk sacs within six
days of imoculation with specimens obtained from tuberculous in-
dividuals. The reports of others (McNealy and Riddel 1949; Dubos

et al 1946; Hsiung and Haley 1954) indicate that the yolk sac of
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the developing chick embryo provides exceptionally favourable
mitritional and envirommental conditions for the rapid prolifer-
ation of small numbers of tubercle bacilli. However, the use of
the chick embryo has not yet been developed to the point where it
constitutes a simple and rapid procedure for the routine isolation

of the tubercle bacillus (Reed and Morgante 1956).

(c) Slide culture:

The slide culture technique, introduced by Pryce (1941),
has provided a technique for relatively rapid diagnosis of tuber-
culosis. The method depends on detection of microcolonies of the
tubercle bacillus by means of the low-power objective of the micro-
scope before they become visible to the naked eye. Pryce made
dried films of tuberculous sputa on microscopic slides and treated
them with 6% sulphuric acid to destroy conteminants. The slides
were submerged in equal parts of hemolysed blood and water in Petri
dishes., From a number of sputa positive by direct smear, obvious
signs of growth were guite distinct in three to six days.

Reed (1953) has reported the results of experiments with an
improved slide culture method. ¥ilms of homogenized spute are dried
on slides, decontaminated with 6% sulphuric acid and incubated in
Kirchner's fluid media with 10% human serum contained in special
culture tubes. A comparison of the slide culture techmique with

routine culture on Herrold's egg-yolk agar for isolation of the
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tubercle bacillus showed that slide culture was more sensitive than
the latter. Much more striking was the fact that all slide culture
positive specimens were positive within two weeks, while twelve
weeks were required for all positive cultures to appear on Herrold's
medium. A quantitetive comparison of routine and slide culture
methods showed that growth from as few as 50 bacilli of a recently
isolated strain could be detected in two weeks by slide culture,
while no growth could be obtained on Herrold's medium from fewer
then 125 bacilli and that, only after four weeks.

In routine diagnostic trials of the slide culture method,
Simpson and Reed (1955) report that of a series of specimens which
were positive by examination of a smear prepared from the concen-
trated sediment, 95% were positive by slide culture as compared to
72% by routine culture. Again, the most striking feature was the
contrast between the length of time required for positive cultures

to be detected by each method.

(d) Moleculer filter membranes:

The membrane ( or millipore ) filter, a paper-thin cellulose
ester film which is devold of fibrous structure and possessed of a
~high and uniform porosity, has been shown to be efficient for the
collection of tubercle bacilli contalned in relatively large volumes
of fluid. The bacilli are collected on the surface of the membrane

by filtration of the fluid and may then be demonstrated by steining



-31-

in situ or cultivated by placing the membrane on the surface of a
suitable solid medium. This procedure is likely to be much more
efficient than centrifugation for the concentration of small numbers
of tubercle bacilli. Waynme (1954) states, "The possible advantages
of the membrane should include recovery of every tubercle bacillus
in a large volume of liquid such as urine or spinal fluid.....".
Membrene filters were first introduced by Zsigmondy (1918)
and were utilized by Citron (1919) for the isolation of tubercle
becilli from urine. Tietz and associates (1950 a,b) demonstrated
tubercle bacilli on membrane filters, following filtration of cerebro-
spinal fluid from cases of tuberculous meningitis. After filtration
of the cerebro-spinal fluid, the membranes were stained and examined
microscopically. FKunzel (1950) cultivated tubercle on membrane
filters from sputum, pus, and puncture fluids. Hawirko and Murray
(1954) recovered tubercle bacilli from spute by oil partition and
collected the bacilli on membrane filters by dissolving the oil in
a fat solvent to facilitate its passage throbgh the membrane. The
bacilli were demonstrated by microscopic examination of the steined
membrane as well as by cultivation and guinea pig inoculation.
Rogers et al. (1955) reported the successful cultivation of tubercle
bacilli on membrane filters placed on the surface of either
Léwenstein-Jensen medium or oleic acid-albumin agar medium. The

bacilli were collected by the filtration of mouth wash gargle
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specimens obtained from tuberculous patients whose sputum showed
the presencé of acid-fast rods on direct smear. Morgante and Murray
(1955) introduced a membrane filtration-culture technique using
L8wenstein - Jensen medium for the demonstration of tubercle bacilli
11_1 the cerebro-spinsl fluid of persons suffering from tuberculous
meningitis. This techmique was shown to be much more effective in
detecting tubercle bacilli when the meningeal reaction is minimel
and the bacilli presumably few in mmber, than direct inoculation
of Ldwenstein medium with cerebro-spinal fluid.

Wayne (1954) has described a staining technique based on the
neutral red reaction of Dubos and Middlebrook (1948) for the visual-
ization of microcolonies of mycobacteria on membrane filters. This
technique allowed more rapid detection of growth, as microcolonies
of the tubercle bacillus were rendered visible with the low power
objective of the microscope within six days of seeding with a
relatively heavy inoculum,

Among the more recent developments was the demonstration by
Hawirko and Murray (1954) that small mmbers of tubercle bacilli
may be collected effectively from watery menstrua by oil pertition.

This technique will be discussed in the following section.
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Lo 0ils, Hydrocarbons and the Tubercle Bacillus

(a) Concentration by hvdrocarbons:
That liquid hydrocarbons mey be used to separate tubercle

bacilli from a watery suspension was first observed by Lange and
Nitsche (1909) and applied by them to the examination of sputum.
They liquefied sputa with alkali, added water and shook the watery
mixture vigorously with ligroin. After standing a time, separation
of the ligroin and watery phases occurred and tubercle bacilli could
be demonstrated in the foamy interface between the layers, by miecro-
scopic examination of a stéined smear prepared from the foam. The
authors claimed that by this method tubercle bacilli could be demon-
atrated without difficulty when it was impossible to detect them by
other methods.

The method of Lange and Nitsche as well as other methods which
followed embodied the principle that tubercle bacilli have a greater
affinity for hydrocarbons than for water. Invarisbly, the digested
or homogenized specimen was sheken with & hydrocarbon and after
separation of the hydrocarbon and agueous layers, smears were pre-
pared from an undifferentiated "soapy®™ leyer at the interface and
examined ricroscopically for the presence of tubercle bacilli.

These procedures were restricted to microscopic examination, as the
hydrocarbon was usually lethal to the tubercle bacillus. This factor
has been mainly responsible for lack of wider application, especially

in more recent years, where emphasis is placed on the isolation of the
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bacillus in pure culture and not on mere microscopic demonstration
alone.

Kinyoun (1915) also used ligroin on sputa digested by
Uhlenhuth's method. He claimed an increase of 19% positive specimens
by the use of ligroin. Kraus and Fleming (1916) substituted
gasoline for ligroin and introduced slow centrifugation to facilitate
separation of the phases.

Andrus and MacMahon (1924) introduced chloroform and claimed
that it was superior to other hydrocarbons and to centrifugation of
sputum digests. The chloroform settled to the bottom of the tube
upon centrifugation and in it were concentrated the tubercle bacilli
originally present in the specimen, Successive applications of the
chloroform residue to slides, with drying between each epplication,
resulted in good concentration of the bacilli. It was reported that
vhile centrifugation of the sputum digest concentrated the bacilli
only 3 - 4 times as compared to direct smear, the chloroform method
gave a concentration of 100 - 200 times that of direct smear.
Further, the staining properties of.the bacilli were not impaired, as
was often the cese with other reagents.

Pottenger (1931) demonstrated the effective collection of
tubercle bacilli from specimens by the use of xylol, ligroin, chloro-
form, carbon bisulphide and gasoline, and concluded that the choice
of hydrocarbons was unimportant. The essential features of Pottenger's

method were the extensive dilution of the specimen with distilled



-35-

water and the use of picric acid as a counterstain. Dilution of the
specimen until its viscosity approached that of water, enhanced the
collection and aided the resolution of groups of tubercle bacilli
into free single cells. The breaking up of groups of bacilli by

the hydrocarbons due to its ... "solvent action on interbacillary
wax~like cement substances" was considered important, as the chances
of finding the tubercle bacilli were increésed. He reported that the
dilution - flotation method combined with picric acid as a counter-
stain gave an average concentration factor of 60x over direct smears
counterstained with methylene blue, and was able to detect as few as
1,000 orgenisms present in a 24 hour specimen of sputum. Nagy (1939)
considered Pottenger's dilution - flotation method superior to chemical
flocculation and the sodium hydroxide method.

Hanks and Feldman (1940) compared direct cemtrifugation, alum
flocculation and chloroform for the concentration of tubercle bacilli
in cerebro-spinai fluid., They reported that the use of chloroform
and alum flocculation were superior to centrifugation. Concen-
tration factors were 102x, 92x and 25x respectively, over direct smear.
Robinson and Stovall (1941) also reported the superiority of chloro-
form as compared to the sodium hydroxide method.

Edwards et al. (1936) and Smith (1938) used modifications of
Pottenger's dilution - flotation method in conjunction with a cultural

technique for the demonstration of tubercle bacilli, Both showed that
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dilution - flotation was not as sensitive as cultural methods for
detection of bacilli but that many more positive results were ob~-
tained by & combination of the two technmiques than by either alone,
i.e., culture and flotation techniques were overlapping and supple-
mentary. ©Smith concluded that flotation by hydrocarbons contributes
the advantage of providing immediate results, culture that of being
more objective and dependable. The combination of the two methods
in a gingle technique was considered to be a definite improvement in

sputum examination procedures.

(b) Concentration by oil partition:
Hawirko (1951) and Hawtiko and Murray (1954) reported the

results of experiments which culmineted in the development of a
method for the demonstration of small mmbers of tubercle bacilli in
pathologic materiel by oil partition. Though water — insoluble
meterials had previously been used for the microscopic demonstration
of tubercle bacilli ( vide supra), this was the first attempt to
isolate the tubercle bacillus in pure culture by the use of such
materials. The oil partition technique is based on the fact that acid-
fast bacteria, but not nmon acid-fast species, pass spontaneously into
oils or hydrocarbons from water, in a finely dispersed emulsion.
Upon centrifugation of the emulsion to separate the oil and water
pheses, myobacteria remein suspended in the former.

The mmber of tubercle bacilli in the suspension determines
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the efficiency of collection by oil partition. Experiments showed
that 10° or fewer bacilli were completely collected from 10 ml. of
aqueous suspension by any one of a mmber of vegetable oils, while
a mmber of bacilli remain in the aqueous phase (submatant) if a
greater number of bacilli were originally present. This was no dis-
advantage as the method was developed primarily for the purpose of
revealing the presence of small nmumbers of bacilli in pathologic
material. The selection of oil has no influence on the collecting
capacity of the method when used to partition bacilli from aqueous
suspension, though mineral oil proved more satisfactory than vege-
table oils for fhe collection of tubercle bacilli.from digested
sputa.

For demonstration of the tubercle bacilli by staining or
culture, the oil was dissolved in a mixture of acetone and petroleum
ether to facilitate its passage through Cellafilter membranes ( a
modified membrane filter prepered for use with organic solvents),
upon which the bacilli were retained. Cultivation of the tubercle
becilli on membranes was not uniformly successful especially when the
inoculum was smell. It was postulated that some factor in the process,
either the oil or the fat solvent mixture, had a detrimental effect
on the viability of the bacilli. However, it was possible to produce
tuberculous lesions in guinea pigs by injection of o0il into which
tubercle bacilli had been partitioned, and this would indicate that

the damage done to the bacilli by oil is not irreparable. It was
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concluded that whereas considerable difficulty is encountered with
the collection of small mmbers of tubercle bacilli by centrifugation,

oil partition provides a reliable method of collection.

(c) The behaviour of the tubercle bacillus in oil-water systemg:

In the course of studies on the kinetics of phagocytosis,
Mvdd and Mudd (192 a,b) demonstrated that acid-fast bacteria and non
acid-fest bacteria behave differently when suspended in the agqueous
phase of & two-phase water - oil film. Bacteria scraped from & cul-
ture were suspended in a drop of water on a slide and a cover-slip
was laid over the suspension. A drop of a vegetable 0il or other
orgenic liquid was placed at the edge of the cover-slip, drawn under
it by capillarity and on meeting the aqueous film formed with it & two-
phase film between cover-slip and slide. The preparation was then
examined with the dark-field microscope.

It was observed that non acid-fast bacteria on approaching
the boundary between the oil and water phase were tréﬁééd in the inter-
face and could not escape unless mechanicel work was done on them,
After a time, the interface was completely filled with trapped bac-
teria. If escape was effected it was almost always back into the
water phase., No essential difference was noted in the behaviour of
a number of Gram positive end Gram negative species, nor with a
mmber of different ¥egetable end animal oils and organic solvents.

Motile beacteria, e.g., S. typhimurium, were more readily able to
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effect an escape from the interface.

On the other hand, acid-fast saprophytes passed through the
interface and into the oil with a readiness which was in marked
contrast to the behaviour of non acid-fast organisms, erd as & con-
sequence very few were found trapped in the interface. Tubercle
becilli did not pass into the oil with the same degree of spontaneity
as the saphrophytic bacilli. They showed a measure of stability in
the interface, but this only to a slight degree and not at all com—
parable to that displayed by non aé¢id-fast organisms.

These phenomene were explained by a consideration of the inter-
facial surface tensions involved - (1) the interfacial tension between
the two fluids (the more immiscible the fluids, the greater the inter-
faclal tension); (2) the tension at the bacterium/oil interface; (3)
the tension at the bacterium/water interface. With regard to non
acid-fast bacteris, the tension between the bacterium and oil (2)
was greater than the combined tensions between the bacterium and water
and between the water and oil (1 + 3). 4Also, the temsion between the
bacterium and water (3) was greater than the combined tensions between
the bacterium and oil and between the water end oil (1 + 2). Thus,

(2) > (1+3)
and
(3) > (1 +2)
and the bacterium is in stable equilibrium in the interface due to

the baleance of interfacial tensions. ©Since motile becteria may
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leave the interface, it was deduced that these interfacial tensions
were of the same order of magnitude as the force which could be
generated by bacterial flagella. In this case, interfacial tension
or its own motility may dominete the movement of a motile bacterium
according to circumstences.

With acid-fast bacteria, which possess little or no stebility
in the interface and which pass spontaneously into the oil, the ten-
sion between the bacterium and the water (3), exceeds the combined
tensions between the bacterium and oil and between oil and water
(2 + 2), i.e., (3) > (1+ 2). Thus, the acid-fast bacteriwm is
enveloped by the oil.

The fact that the tension at the acid-fast bacterium/oil
interface is less than that at the'acid-fast bacterium/water inter-
face is ascribed to the non-poler nature of its surface. The large
emount of 1ipid material on the surface of an acid-fast bacterium
causes it to be more lipophilic and hydrophobic than & non acid-fast
bacterium, on the surface of which polar groups predominate, i.e.,
the former is the more readily wet by non-polar oil and the latter by
water. The differences noted between acid-fast saprophytes and tuber-
cle bacilli were attributed to quantitetive differences in the rele-~

tive amounts of lipid and protein or other polar component of the

bacteriel surface.

In subsequent communications (Mudd and Mudd 1927a,b), it was
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shown that prolonged extraction of acid~fast bacilli with alcohol
caused them to show resistance to wetting by oil comparable to that
displeyed by non acid-fest bacteria. It was also demonstrated that
serum sensitization of acid-fast bacilli with homologous immune serum
caused e definite change from a surface readily wet by oil to one
more readily wet by water. The greater the concentration of immune
serum, the more pronounced was this effect. Of interest, is the fact
that Mudd used the interface reaction to detect the binding of anti-~
body by tubercle bacilli. He found the reaction to be serologically
specific, but not as sensitive as the complement fixation technique.
The evidence indicated that the lipid material on the bacterial sur-
face wag coated by the serum an;ibody or by sermm substances secon-
darily bound by antibody, which are apparently more hydrophilic than
the unaltered bacterial surface,

Reed and Rice (1931) utilized a simpler technique to demon-
strate the passage of acid-fast bacilli into oil from agueous sus-
pension., The organisms were suspended in water and shaken mechani-
cally with a small quantity of oil or fat solvent. The resulting
emulsion was centrifuged to separate the phases, and the mmber of
bacteria remaining in the aqueous phase detérmined by comparing the
opacity with that of standardized suspensions of the game organism.
They found that acid-fast species were removed from the aqueous phase
with varying degrees of completeness, depending on the degree of acid-

fastmess. For example, tubercle bacilli were more completely
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removed from aqueous suspension than M. berolinensis. All non acid-
fast species remained in the aqueous phase. It was also shown that
serum sensitization of acid-fast becilli with homologous immune serum
reduced the degree to which the bacilli migraeted into the oil.
Emulsifying egents such as gelatin and sodium oleate had & gimilar
effect, undoubtedly by reducing the interfacial tension between the
water and oil.

In developing the o0il partition method for collecting small
numbers of tubercle bacilli from clinical specimens, Hawirko and
Murray (1954) used a cultural method to determine the efficiency with
vhich the bacilli were collected by oil from agueous suspension. The
aqueous suspension of bacilli was sheken with the test oil and sub-
sequently centrifuged to separate the two phases. By inoculation of
a portion of,the aqueoug subnatant on Petragnani mediuwm it was found
thet no growth occurred when the original suspension cowtained 107
or fewer bacilli in a volume of 10 ml. When more concentrated sus-
pensions were used, the cultural test invariably showed that viable
orgenisms remained in the agueous phase. There was no signlificant
difference in the collecting capacity of a mmber of vegetable oils
examined.

Neither variation of the pH of the suspending medium nor of
the proportion of oil altered the collecting cepacity of oil. However,

it was found that the degree of partition was emhanced when the bacilli
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were suspended in equal parts of a mixture of physiologic saline and
10% trisodium phosphate. In contrast to the findings of the Mudds
and of Reed and Rice it was found that non acid-fast microorganisms
are teken up by the oil under the conditions of the oil partition
technique., This was demonstrated by culture of the oil and aqueous

phases. Micrococcus epidermidis migrated completely into the oil and

E. coli and Proteus mirabilis were distributed in both oil and water
layers. It was assumed that the discrepencies of these results with
those of Reed and Rice were due to the use of cultural techrniques,
vhich are more sensitive than the turbidimetric system used by the
latter workers.

Another possible explenation for this discrepency mey be
found in the work of Mudd and Mudd (vide supra). Non acid-fast
organisms are, as & rule, trapped in the interface in an oil - water
system. However they can pass into the oil on the condition that
mechanical work is done which will overcome the balance of forces
which hold the bacterium in the interface. It is conceivable that
upon sheking of an oil - water emulsion containing non acid-fast
bacteria sufficient work will be done by agitation of the oil droplets
to allow the escape of & proportion of these bacteria into the oil.

In & preliminery communication, Weyne and Juarez (1955) have
proposed that the relative affinities of acid-fast bacilli for fat

solvents may be used for taxonomic differentiation of species within
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the genus Mycobacterium. A technique was outlined for differentiating
between hydrophilic and lipophilic streins, based on the observation
that certain strains remain in the agueous phese when a broth sus—
pension is extracted with petroleum ether. It was claimed that the
paertition effinity of a given strain of bacillus was reproducible

and cheracteristic.

(@) The effect of oils on the viability and morphology of the
tubercle bacillus:

It is well known that the growth and respiration of many
microorganisms may be either stimulated or inhibited when exposed to
the action of trace amounts of fatty acids incorporated in an aqueous
medium., Which effect is manifest depends upon several features, e.g.,
the species of microorganism, the composition of the medium and the
concentration of fatty acid. Many investigations have been carried
out concerning the action of trace amounts of fatty acids, (amounts
of the order of value of their solubilities in water i.e., 5 - 100
ppm) on the growth of bacteria (Nieman 1954). By contrast, little
has been done with respect‘to the effect of direct exposure of bac-
teria to fatty acids or other oils. In fact, this field appears to
have been neglected, perhaps because viability tests, devised for
aqueous solutions, sre less satisfactory with oils.

A good deal of attention has been devoted to the effect of

natural oils on the viability of the tubercle bacillus. Much of this
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has stemmed from the controversy concerning the therapeutic effect
of vegetable amd animgl oils on human tuberculosis. In a few
ancient civilizations diets rich in fat were presceibed for tuber-
culous individuals and cod liver oil atteined a widespread use after
its introduction for this purpose at the beginning of the 19th cen~
tury. Several workers have claimed that experimental animels fed a
diet rich in cod liver oil or other natural fats are more resistant
to infection with the tubercle bacillus than are animals maintained
on a fat-free diet; some refute this claim. Others, who admit the
favourable influence of natural fats, attribute this action to the
vitemins which they contain (Ndgre 1932). Principally to settle this
controversy, in vitro studies of fats and oils on the tubercle bacil-
lus have been conducted by verious workers.

In the majority of studies various oils were added to culture
media or to grown cultures of the tubercle bacillus and the via-
bility of the treated culture tested after varying exposure periods.
Parallel experiments were, as a rule, performed with experimentel
animals infected with tubercle bacilli. Inveriably, the oil showed

bactericidal or bacteriostatic effects when tested in vitro, but

conflicting results were reported for in vivo experiments (Calmette
1936)., Crimm and Martos (1945) demonstrated that peanmut oil and cod
liver oil have an inhibitory action on the growth of tubercle bacilli

and alter the colonial morphology but cause no change in virulence
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or acid-fagtness. Subcultures of tubercle bacilli grown on Long's
synthetic me&ium containing either of these oils would grow only

on egg medium and not on glycerin agar, which indicated that the
viability of the bacilli was decreased by cultivation in the pre-
sence of oil and was restored only by the relatively more nutritious
egg medium.

Solomides (1946, 1949, 1950) showed that the relatively
feeble bactericidal power of cod liver oil could be increased by
heating the oil to 180°C for 15 minutes. A distillate prepared from
the o0il by heating it to 250°C and condensing the vapours was still
more active., Viable tubercle bacilli could be detected after sus-
pension in unheated cod liver oil for 48 hours, while heated oil
killed all bacilli in six hours and the distillate, in five minutes.
The distillete prevented growth of tubercle bacilli in glycerin
broth when present in & concentration of 1/10,000; the active prin-
ciple was not identicel with acrolein, and appeared to be associated
with the unsaeponifiable fraction. Injection of the distillete into
infected guinea pigs caused the tuberculin reaction to become nega-
tive, but there was no favourable influence on the disease. Klip
et al. (1952) showed that the unsaponifiable fraction of cod liver
oil contained substences which inhibited the growth of tubercle
bacilli in Sauton's medium in e concentration of 2 micrograms per
ml; these substances were probably saturated and unsaturated &\ -

glycerylethers. Addition of serum or dead mycobacterie to the
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medium reduced the growth inhibition considerably.

In contrast, it has been demonstrated that fats may be util-
ized as mutrients by the tubercle becillus. Sedych and Seliber
(1927) reported that olive oil, triolein and butterfat could support
growth of the tubercle bacillus in a bassl synthetic medium. Quan-
titative estimation of the o0il during growth of the culture showed
that it was consumed by the growing bacilli after first being broken
down to glycerin and fatty acid. It was elso reported that the in-
corporation in nutrient ager of a few drops of olive 0il, cod liver
oil or an acetone extract of the tubercle bacillus rendered the agar
able to support growth of tubercle bacilli (Mgre 1932). From these
experiments it was concluded that neutral fats can be utilized as
nutrients, in vitro, by the tubercle bacillus. Though less favourable
than glycerin for the multiplication of the bacillus, they are capeble
of assuring its development. |

Of greater significance are those studies which show that oils
can slter the structural integrity of the tubercle bacillus.
McJunkin (1923, 1926) reported that oleic acid and olive oil manifest
a profound effect on the morphology of tubercle bacilli rapidly de-
hydrated by alcohol. It was observed that the bacilli became granu-
lar, developed polar bodies, became non acid-fast and disintegrated
completely. This change took place only in living bacilli and was
most rapid at 37°C, st which temperature the metabolic activity is

optimal. This was interpreted &s indicating that the loss of acid-
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fastness was dependent upon some activity of the living orgenism.
Boissevain (1926) reported that preliminary dehydration of living
bacilli was not a necessary step, but did accelerate the reaction.
He showed that the ability of fatty acids to destroy the acid-fast
property of tubercle bacilli and cause disintegration waes positively
correlated with a long carbon chaln, a free carboxyl growp and un-
saturated linkeges in the molecule.

Solomides (1940, 1945, 1946) reported that peanut oil brought
ebout considerable changes in the morphology, viebility and patho-
genicity of tubercle bacilli when added to fully developed cultures
on glycerin - potato medium. The colony lost its rough contour and
became smooth and flattened after 24 hours immersion in peanut oil.
Serial microscopic exeminations revealed that progressive degeners-
tion of the bacilli occurred, with loss of acid fastness and eventual
lpsis. After 20 days the culture was composed entirely of blue
granules, to which Solomides gave the neme ‘cyanophile! substance.
Chaulmoogra oil acted in & similar faeshion, while olive oil and
liquid paraffin acted more quickly, bringing about the appearance
of ‘cyanophile! substance within 2/ hours. Addition of oil to cul~
tures killed by autoclaving was without effect, except upon extremely
prolonged exposure.

Subcultures prepered from the so-called oil-lysed bacilli

on glycerin-potato slopes led to the development of new colonies of
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typicel acid-fast tubercle bacilli. Inoculation of the 'cyanophile!
substance into guinea pigs caused them to die of congestive and
haemmorhegic lesions of the viscera. No acid-fast bacilli could be
demonstrated in these lesions. It was concluded that when tubercle
bacilli are exposed to oil under these conditionms, their viability is
gradually diminished, and & considerable modification, though not a
suppression, of their pathogenicity is brought about.

Laporte and Bretey (1941) reported similar results when
bacilli were exposed to the action of paraffin oil for three days at
37°C, The oil was turbid after separation of the bacilli by centri-
fugation, and the sediment consisted of normel acid-fast rods and a
smell proportion of non acid-fast granules. A second centrifugation
of the oil at 80,000 rpm caused the deposition of material, which on
microscopic examination was seen to consist entirely of blue gramiles
similar to the 'cyamophile' substence of Solomides.

In studies on tuberculo - immunity, Choucroun (1943, 1947)
extracted killed tubercle becilli with paraffin oil and removed the
bacilli by centrifugation at 80,000 rpm for 24 hours. After removal
of the bacilli, the oil was found to differ in physical properties
from the pure oil. Injection of the oil extract into rabbits caused
the formetion of antibodies and produced a definite sensitization to
01d Tuberculin. Two fractions were isolated from the paraffin oil

extract; a protein, and a carbohydrate-lipid complex. The former
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appeared to be the 'sensitizing' antigen of the tubercle bacillus
and the letter was e toxie principle.

To summarize, animal, vegetable and mineral oils have a
bactericidal or bacteriostatic action on the tubercle bacillus.
Arimal and vegetable oils may be used as nutrients. The conditions
of exposure determine to some extent which action becomes manifest.
It is apparent thet oils possess the ability to dissolve materials
from the surface of the tubercle bacillus and to disrupt the in-

tegrity of its structure.
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FEXPERIMENTAL STUDIES

The Streing of M. tuberculosis and the Preparation of

Single Cell! S io
Straips of M, tuberculosig: The three strains of M. tuberculosis

used throughout the lnvestigation, and their sources, are listed
belov,

(1) M. tubercuwlogis ver. bovig, strain BCG, was obtained from the
Institut de Microbiologie et d'Hygidne, Université de Montréal.

(2) M. tuberculosis, strain HA, was obtained from the Clinical
Leboratory, Depertment of Bacteriology, McGill University (#53-
1530) and at the time of receipt had been recently isolated from the
sputum of & tuberculous patient.

(3) M. tuberculosis, strain HS, was isolated by the author from the
sputun of a tuberculous patient.

The HA and HS strains (author's designation) were not typed
as to variety, but were regarded as human type strains because of
their origin and also because they grew readily on primary isolation
on glycerol-containing medium. Both strains were tested and found
to be virulent for the guinee pig. Stock cultures of each strain

were maintained on L8wenstein (Jensen) medium and subcultured at

three-month intervels. Dubos Tween - albumin fluid medium was used

for the routine maintenance of the strains, subcultures being made
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once weekly. After the tenth serisl subculture in Dubos medium, a
fresh series was instituted by reverting to the stock culture for
the looculum.

Since the ultimete aim of this work was to isolate tubercle
bacilli from pathologic materiel by oil partition, these freshly
isolated strains were selected for use in the experimentel work as
it is likely that their properties are more characteristic of tubercle
bacilli on primary isolation than those of a standerd laboratory

strain such as the H37Rv bacillus.

The preparation of 'single cell' suspensions of tubercle bacilli:

In this work it was desired to use suspensions of tubercle bacilli
consisting of single cells, in order to ensure that all bacilli in
a given suspension were equally exposed to the action of oils and
other materials which were to be investigated. IFurther, in many of
the experiments suspensions conteining very small numbers of bacilli
were utilized, and equal dispersion of all cells in the suspension
would allow greater accuracy in the preparation of higher dilutions.
The introduction of Tween-albumin fluid medium by Dubos and
Middlebrook (1947) has overcome the difficulty of obteining a well-
dispersed suspension of growing tubercle becilli. However, Tween -
albumin cultures do not consist entirely of isolated bacterisl cells,
but also of small groups containing as many as ten to twenty bacilli,
Fenner (1951) reported that slow centrifugation, or filtration through
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paper, of cultures in Dubos! medium will result in a suspension con-
gisting almost entirely of single cells.

These methods were tried with saline suspensions of tubercle
bacilli which had been grown in Dubos! Tween - albumin medium and it
wes found that filtration of such a saline suspension through a
double thickness of either Whatman #2 or Schleicher and Schuell #597
filter papers gave better results than either slow centrifugation or
other types of filter paper. This procedure produced & suspension
consisting almost entirely of single cells, with & few clumps of not
more than § - 6 bacilli. The method finally adopted for the prepar-
ation and standardization of these single cell suspensions is as
followss

Cultures were grown in 5 ml., volumes of Dubos' Tween -
albumin medium for 10 - 14 days, centrifuged, and the supernatant
fluid withdrawn and replaced with an equal volume of 0.85% sodium
chloride solution. The sedimented bacilli were resuspended by shaking
and the suspension passed through & double thickness of Whatman #2
filter paper cut down to 2 cm. in diemeter to fit the filtering
gpparatus to be described in the section on 0il partition. The fil-
tration wes performed with a slight negative pressure and the resul-
ting filtrate slmost invariably had a faint, though definite, tur-.
bidity visible to the naked eye.

Suspensions prepared in this way were standardized by
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performing a total count using a Thome (Hawksley) bacterial counting
chamber. In performing the counts, the bacilli were killed by ex-
posing a small portion of the suspension to an equal volume of 10%
formeldehyde for 15 minutes; this did not effect their dispersion.
The count was made on the % dilution of the suspension, using & AQx
dry objective and a 10x eyepiece. The substage condenser of the
microscope was racked down to provide contrast lighting, as the bacilli
were unstained. This method is essentially similar to thet des-
cribed by Bonifas and Novel (1952) for the direct counting of bacteria.
When smell clumps of bacilli were observed they were counted
as one bacillery 'unit'. It wes impossible to determine the exact
nmmber of bacilli in & clump, but, only on very rare occasions were
clumps observed which would have been large enough to contain more
than 5 bacilli., The practice of considering a small clump to be a
viable or infective unit is well established ip tuberculosis experi-
mentel work (Femmer 1951). If the filtered suspension was not turbid
to the naked eye & fresh preparation was made, as such suspensions
conteined too few bacilli to permit an accurate count. Appropriate
dilutions of the filtered suspensions were made in 0.85% saline to

give the concentration of bacilli desired.

The proportion of viable bacilli in filtered saline suspensions:

‘ Dubos and Middlebrook (1947) reported that young cultures of tubercle

bacilli in Tween - albumin fluid medium contein only en insignificant
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proportion of non-viaghlé: cells. On order to determine the effect of
the process for preparation of 'single cell' saline suspensions on
viebility, determinations of the proportion of viable cells in such
suspensions were carried out by the pour plate method advocated by
Yegian and Budd (1951). Parallel experiments with the drop-plate and
pour plate methods showed that higher counts wefe obtained by use of
the latter.

Immediately after preparation of the filtered saline sus-
pension, a totel count was performed and dilutions of the suspension
were prepared in saline using separate pipettes for each dilution.

Ope ml. aliquots of the appropriate dilutions were distributed in two
Petri dishes and epproximetely 20 ml. of melted and cooled oleic acid-
albumin agar, prepered according to the directions of Yegian and Budd,
were poured into the dishes, which were then rotated to ensure mixing
of the inoculum. The medium was allowed to solidify and the pletes
were incubated at 37°C. for 48 hours to permit the evaporation of
excess moisture. They were then transferred to plastic bags which
were sealed to prevent further drying of the medium and returned to
the incubator. The maximum count was obtained in approximately four
weeks.

The results of these separate determinstions are summarized
in Table 1 and show that only approximately 50% of the total number of
becilli 1s viable. This appears to be a rather low proportion and may
be due to the fact that the becilli are suspended in saline, which is

not devoid of bactericidel action (Corper and Stoner 1946).
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Ratio of ,,,,1
viable: total - -
count expressed
Ftrain Total count Viable count as percentage
7 7
BCG 4.0 x 10 2.0 x 10 50
HA 1.0 x 108 4.9 x 107 49
HA 2.4 x 107 1.3 x 107 54
i
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Throughout this study, the experimentel results refer to the
total bacillary content of filtered saline suspensions and the
agsumption is made, on the basis of the viable counts, that only

50% of the bacilli in such suspensions are viable.
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Invegtigations of Oils and Organic Solvents

In developing the oll partition method for the cultural
demonstration of the tubercle bacillus, Hawirko & Murray (1954)
demonstrated that the combination of o0il and organic solvent neéés-
sery to effect collection of the bacilll from aqueous suspension,
and subsequent deposition on a molecular filter membrane inter—
fered with their capacity to grow on artificial media. An examin-
ation of various vegetable oils revealed that all exerted a harm-
ful effect on viability. The findings of other workers with regard
to the action of vegetable oils on the tubercle bacillus under
various conditions of exposure have been cited in the review of the
literature,

For the sueccessful cultivation of tubercle bacilli after oil
partition it is necessary to select a combination of oil and sol-
vent which possesses a minimum inhibitory action. To this end, a
reinvestigation of the influence of oils and organic solvents on

the viability of the tubercle bacillus wes carried out.
Procedure

Bacterial viability tests are devised for aqueous solutions
or suspensions and are quite unsuitable when the material under test
is immiscible with water. To test the effect of the exposure of

tubercle bacilli to oils and organic solvents, the method adopted
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consisted in immersing filter paper squares, previously impregnated
with tubercle bacilli, in the material under examination. The method
psed throughout this portion of the work is detailed below.

Squares of Whatman #2 filter paper measuring 1 cm. were cut
from larger sheets and disfributed on & stainless steel wire mesh
platform contained in a Petri dish of stendard size. After sterili-
zation by autoclaving and drying in a hot air oven, each square was
inoculated with one drop of a 'single cell' saline suspension of
bacilli, prepared as described in the preceding section. The inocula
were delivered by means of glass pipettes prepared according to the
directions of Fildes and Smart (1926), and calibrated to deliver drops
of 0.025 ml. volume. The 1 cm. paper squares were able to absorb this
volume of fluid completely, which ensured that each received the same
mmber of bacilli. After inoculation the paper squares were dried
at 37°C for one hour,

Vegetable oils# were sterilized by Seitz filtration and dis-
pensed in a shallow layer in Petri dishes of 5 cm. diameter. Organic
solvents, all of C. P. grade, were sterilized by filtration through
Cellafilter membranes and similarly dispensed. Using aseptic tech-
nique, the dried, inoculated paper squares were transferred to the

Petri dishes containing oils and solvents. Upon termination of the

# Obtained through Brickman and Co., Montreal
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exposure period the paper squares were transferred to Lowenstein
(Jensen) slopes (for preparation of this medium see Appendix A) and
incubated at 37°C. All tests were performed in duplicate and the cul-

ture tubes examined at weekly intervals.
Regults

The influence of oils and organic solvents on viegbility: In this

experiment, each paper square was impregnated with 106 bacilli of the
BCG strain (0.025 ml. of a suspension containing / x 107 bacilli per
ml.). The bacilli were exposed to olive, corn, safflower and peanut
oils for thirty minutes and then were transferred to sloped Petri
dishes torallow excess oil to drain off, before implantation on
Lowenstein slopes. A second series of inoculated paper squares were
distributed in petroleum ether, acetone, benzene, diethyl ether and
chloroform and exposed for 15 minutes. The paper squares were trans-
ferred directly to Lowenstein slopes as the residual solvent evaporated
within a few seconds of removal from the fluid. Control papers were
transferred directly to the medium after the one hour drying period.
Table II shows the effect of these materials on the viability
of the BCG gtrain after two and four weeks incubation. No oil brought
about sterilization of the paper squares under the conditions of this
experiment., Peanut oil appeared most inhibitory while coconut and
corn oils were least inhibitory. Fifteen minutes exposure to pet~

roleum ether has no apparent effect on the viability of the tubercle
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bacillus. Growth was as prolific as in the controls. Benzene dis-
plays a marked inhibitory action and acetone, chloroform and diethyl
ether brought eabout complete sterilization of thé paper squares.

Solomides (1940) has reported that peanut oil brings about
changes in the morphology of the colonies and of the bacilli in
growing cultures. In this experiment, colonies had developed in the
presence of small amounts of oils, but no alteration in colonial
morphology was evident. However, microscopic examination of Ziehl-
Neelsen stained smears prepared from cultures grown after exposure
to peamut and coconut oils revealed that a large proportion of the
cells were beaded, though the acid-fast stain wes retained and the
bacilli were normal in other respects. This was observed only in
young cultures; in older cultures the cells stained uniformly. This
effect was not observed in cultures grown after exposure to other

oils or to petroleum ether.

The combined influence of oils and petroleum ether: As petroleum ether

appeared to have no inhibitory action for the tubercle bacillus its
choice as a solvent is indicated. In this experiment, the filter
paper squares were lmmersed in petroleum ether for 15 minutes éfter
exposure to oil, in order to remove residual traceé of the latter.
Table IIT shows that the combined action of 0il and petroleum ether
allows macroscopic growth to appear earlier. Microscopic examination
of Ziehl-Neelsen stained smears prepared from these cultures revealed

no significant proportion of beaded cells, regardless of the age of
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TABLE IT | f ;

The Viability of M, tuberculosis (.BGG) | : »

Rxposure to Vegetable O41s rerts. ’

Growth! after incubation

0il or Solvent Time of at 37°C for .

exposure

2 weeks 4 weeks i

None (Comtrol) 0 o +H

Olive oil 30 minutes - - E

Safflower oil 30 minutes - ++
Peamt oil 30 mimutes - +
Corn oil 30 mimtes + ++
Cocomt oil 30 mimtes ‘ + ++

Petroleun ether |15 mimites T ++ 1

Benzene 15 mimates - + -
Acetone 15 mimites - -
Diethyl ether 15 minutes - -
Chloroform 15 mimutes - -

++ # On Lowenstein (Jensen) medium

+ Extent of growth

- No growth
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IABLE III
The Effect of the Cong%gd Action of Vegetable Oilgs -
‘ Pe E on the Via ty of M, tuberc BCG
b
t (Growth on L¥wenstein (Jensen) medium after exposure to oil
A for 30 mimites and petroleum ether for 15 mimtes)
£,
Growth after incubstion A
’ at 37°C for s
011 1 week 2 weeks
‘ None (Control) + ++ 1
4 i
k Olive oil - +
s
g Sefflower oil - + "
gz Peamit oil - +
¢
i Dorn 0il - + ‘
f Cocomat oil (+) +
]
¥
4 R
: . +++ .
| ++ Extent of growth
+

- No growth
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the culture or of the oil fo which the inoculum had been exposed.
This was no doubt due to the fact that the o0il was completely re-
moved from the filter paper squares and so did not influence the
growing bacilli., Cocomut oll appeared to be least irhibitory, growth

having appeared after one week of incubation.

Comparison of the influence of acetone and petrolewum ether: The

finding that acetone completely inhigits the growth of the tubercle
bacillus after 15 minutes exposure is in agreement with Hewitko's
finding that & mixture of petroleum ether and acetone is relatively
more bactericidal than petroleum ether alone. It had previously been
reported that acetone was relatively innocuous. In view of this dis-
Crepancy a comparison was made of the action of petroleum ether and
of two different commercial preparations of acetone on the viability
of the tubercle bacillus.

Table IV shows that both acetore preparations killed the
bacilli after 10 minutes exposure, while petrolewm ether had no
effect after 2 hours exposure. Exposure to acetone for 5 minutes
allowed growth of one colony in each of duplicate tests with pre-
paration A, and three colonies in one of two duplicate tests with
preparation B, after 4 weeks of incubation. This result confirms

the finding that acetone is highly toxic for the tubercle bacillus.
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IV

Comparison of the Effect of Two Acetone
Preparations and Petroleum Ether on the

Viability of M. tuberculosis (BCG)

(Growth on Ldwenstein (Jensen) medium after 5 weeks at 37°C)

B e

Time of
Exposure

Acetone

Preparation
A

Preparation
B

Pet.ether

Control

0
5 mimates
10 minutes
15 mimtes
30 minutes
60 minutes

120 mimutes

Fi 1 it

++ Extent of growth

- Ko growth



-66-

The relative inhibitory action of oilgs: In the preceding experi-

ments, there did not appear to be a great deal of difference between
oils with regard to their effect on the viability of the tubercle
bacillus. To obtain & better measure of the inhibitory action of
oils, two approaches were considered - (1) the use of imocula of
decreasing size exposed to oil for a fixed time and (2) the use of

a fixed, large inoculum exposed to oil for verying time periods.
Preliminary trials showed that the latter method was the better for
this purpose. With the first method, results were not reproducible
vhen the inoculum was smell.

In this experiment liguid paraffin, oleic acid and glycerol
were examined in addition to the vegeteble oils. The bacilli were
exposed to oil for periods increasing by two-fold increments from
one hour to ninety-six hours. The BCG, HA and HS strains were used
es it was also desired to test the relative sensitivity of different
strains to the action of oils.

In order to standerdize the conditions of exposure, the
inocula consisted of filtered saline suspensions prepared from nine
day Tween ~ albumin cultures of each of these strains. Fourteen
inoculated peper squares were placed in each oil and two were removed
after 1, 3, 6, 12, 24, 48, and 96 hours of exposure. Oil was removed
from the filter paper square by immersion in petroleum ether for two

to three minutes. The glycerol was removed by immersion in sterlle
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distilled water heated to 45°C, gs it is insoluble in petroleum ether.
Final readings were taken after 8 weeks of incubation.

The results of this experiment are illustrated in Figure I.

In the figure the results have been arranged in order of increasing
irhibitory action and represent the time of exposure tolerated by
each of the three streins of tubercle bacilli under the conditions of
the experiment. Coconut oil and liquid paraffin were the least in-
hibitory of the oils tested; each allowed growth of the BCG strain
after 48 hours exposure while the two human strains, HA and HS, sur-
vived 96 hours exposure. Peanut oil ard oleic acid were most in-
bibitory and the other oils fell between these extremes. The marked
inhibitory action of peanut oil was masked in preceding experiments,
to some extent, by the short exposure period employed.

It is also demonstrated in Figure I that differences exist
between the three strains of tubercle bacilli with regard to their
sensitivity to the action of oils. The BCG strain is most suscep-
tible and the HS strain least, while the HA strain occupies an inter-
mediate position. These differences are mostly of degree rather than

of kind.
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The results of these experiments show that tubercle bacilli
are damaged by exposure to vegetable oils amd organic solvents. This
confirms the findings of Hawirko and Murray (1954). Petroleum ether
is the only solvent, among those exasmined, which is not lethal. The
finding that petroleum ether is innocuous; even after two hours ex-
posure, is in agreement with the findings of Bloch (1950), who showed
that a component of the tubercle bacillus, epparently necessary for
virulence, may be extracted from living cells by petrolewm ether with-
out impairment to their viability.

Tubercle bacilll more readily tolerate exposure to cocomut oil
than to the other vegetable oils tested. Cocomut o0il is unique among
this group of oils in that 90% of its total fatty acid content is
made up of long chain saturated acids. The other oils comtain only
10% - 20% of saturated acids, the balance being made up of long chain
unsaturated molecules (Deuel 1951). It is interesting to note that
olive oil, vhich conteins a lerge proportion of triolein, is not
nearly &s inhibitory as free oleic acid. These observations would
indicate that free carboxyl groups end unsaturated molecules are res-
pousible, in part, for the lethal action displayed by an oil for the
tubercle bacillus. In this regard, Boissevain (1926) has reported
that the ability of a fatty acid to cause disintegration of tubercle
bacilli is positively correlated with a long hydrocarbon chain, a

free carboxyl group and unseturated linkages in the molecule.
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As cocomut oil and liquid paraffin are the least lethel of
the oils tested, and petroleum ether the least lethal of the sol-
vents, these materials were considered to be of most value in oil

partition experiments.
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Preliminary Investigations of Oil Partition

In the preceding section it was shown that tubercle bacilli
are more tolerant of coconmut oil and liquid paraffin than of the other
oils tested. Accordingly, they were selected for the first trials
of the oil partition techmigue. The low toxicity of petroleum ether
and its non-polar properties indicated that it would possibly be a
good choice as a wvehicle for collection of tubercle bacilli from
agueous suspension. A number of earlier workers have used organic
solvents such as ligroin, chloroform, gasoline etc., in flotation
methods for the concentration of tubercle bacilli in pathologic
meterial (Pottenger 1931, Andrus and MacMahon 1929, Lange and
Nitsche 1909). These materials were investigated for their ability
to collect tubercle bacilli from aqueous suspension and to determine
vhether bacilli so collected can be grown in artificial media., The
BCG strain was employed as the test orgenism in the preliminary

trials.
Procedures

The technique of oil partition: The essential feature of this pro-
cess is the emulsification of an agueous suspension of tubercle

bacilli with a small volume of oil (during which process the bacilli
migrate from water to oil), and subsequent separation of the phases
of the emulsion by centrifugetion. The oil may be used for the in-

jection of animsls, or processed further for cultivation of the
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bacilli ip vitro. After much experimentetion, the technique finslly
adopted for the cultural demonstration of the bacilli is herewith des-
cribed in detsil: '

Five millilitre aliquots of & 'single cell! saline suspension
of known bacillary content were distributed in screw-capped test
tubes measuring 15 x 150 mm. One ml. of oil was added to each tube
and the tubes were shaken for 10 minutes on & mechanical shaking mac-
hine#. The resultant emulsion was transferred to a conical centri-
fuge tube of 15 ml. capacity and centrifuged at 1500 - 2000 rpm for
20 mimutes, which brought about separation of the phases of the emul-
sion., If it was desired to exsmine the lower aqueous layer for the
presence of viable elements, the material was transferred to & sepa-
ratory funnel constructed from a test tube measuring 15 x 150 mm.

The lower agqusous layer was then drawn off and transferred directly
to the filtration aspparatus described below. As this technique was
cumbersome, it was used only when an examination of the aqueous layer
was desired., Otherwise, the aqueous subnatent layer was withdrawn
by means of a long, narrow-stemmed capillery pipette having e bulb
of 10 ml. capacity. By holding the centrifuge tube in a sloped
position it was possible to admit the tip of the pipette into the

aqueous layer so that there was only minimel contact with the upper

# Laboratory model shaker, J.W.Towers and Co., Ltd., Liverpool
England
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0il layer. Careful manipulation allowed complete removal of the
aqueous layer, which was then discarded.

The o0ill remaining in the centrifuge tube was dissolved in 10 ml.
of sterile petroleum ether and passed through a membrane filter 2 cm.
in diameter mounted in an apparatus#, the construction of which was
gimilar in principle to that of the Seitz 'Technico! filter; fil-
tration was aided by the application of a slight negative pressure
and vas complete in epproximately one minute._ The membrane was sub-
jected to & final washing with 2 - 3 ml. of petrolewm ether in order
to remove any residual oil and was then transferred to the culture
medium, with its collecting surface uppermost. Aseptic precautions
were observed throughout.

This represents a slight departure from the techmique of
Hawitko (1951) who used oil in the proportion of Q.5 - 1 ml. to
10 ml. of the bacterisl suspension. However, it was demonstrated by
Hawitko that the relative proportion of oil and aqueous suspension is
unimportant insofar as the degree of partition is concerned. In the
prectical application of oil partition it is importent to keep the

volume of o0il as small as possible, but as this portion of the

# Constructed by Milos Srb., Opticel Engineer, Montreal, of
stainless steel and brass. The steinless steel barrel is 7.5 cm.
ir length and has en internal diemeter of 1.5 cm. The effective
collecting surface of the membrane is thus 1.5 cm. The cepacity
of the barrel is epproximately 12 c.c.
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investigation is concerned only with the cultivation of tubercle
bacilli which have been exposed to oil during the process of oil
partition, the relative proportions are not important. For ease in
menipulation, it was found most convenient to use 5 ml. quantities

of aqueous suspension and 1 ml. of oil.

Membrane filters and Cellafilter membranes: These membranes are

prepared by & special method for processing nitrocellulose which was
developed by Zsigmondy (1918) and since patented and put on the
market#. They are white, opaque, of glossy consistency and devoid
of fibrous structure.

Membrane filter and Cellafilters are intended for use with
aqueous and organic solutions respectively. They may be obteined in
& variety of sizes and of varying vorosity. For this vork, the mem-
branes selected were 2 ém. in diameter and of #5 porosity; membranes
~ of this porosity are intended for the sterilization of suspensions
containing bacteria. Cellafilter membranes were received in wet
pack and it was the manufacturer's recommendation that they be kept
wet at all times. If allowed to dry these membranes shrivelled and
disintegrated, which rendered them useless. When used for the fil-

tration of an organic solvent which is immiscible with water, it is

# Membranfilter Gesellschaft, Sartorius-Werke, A.G. & Co.,
Gottingen, Germany.
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necessary to displace the water from the capillary system of the
membrane by preliminary treatment with & solvent which is miscible
both with water and the organic solvent; alcohol is usually used for
this purpose. As it was desired to use these for filtration of a
mixture of oil and petroleum ether, they were sterilized aﬁd stored
in 95% alcohol. Before use they were transferted to the filter ap-
paratus which had been sterilized previously by autoclaving. Mem-
brane filters were received in dry pack, with no restriction as to
the method of storage. They were mounted in the filter apparatus

and sterilized by autoclaving.
Results

The suitability of membrane filters: Preliminary experiments re-

vealed that tubercle bacilli were able to grow on the surfaces of
membrane filters and Cellafilter membranes which were stored in water
when placed on L¥wenstein (Jensen) medium. If the Cellafilters weré
stored in 95% ethanol, however, the membranes would not allow growth
of smaller mmbers of bacilli, which indicated the toxicity of
ethanol for the tubercle bacillus, and the necessity for its removal
from Cellafilter membranes before the filtration of suspensions con-
taining bacilli. When the membranes stored in alcohol were first
washed with water or with petroleum ether to remove the alcohol from

the pores of the membrane, growth was as prolific as on membrane
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filters. Thus, in using Cellafilter membranes for the filtration

of an oil-solvent mixture, it is necessary to remove ethanol before
use or otherwise, to store the membranes in a non-toxic solvent, such
as petroleum ether.

It had been observed earlier that membrane filters were
soluble in alcohol, acetone and ethe:, but not in benzene or petro-
leum ether; benzene caused the membraﬁe to become translucent
hovever, while petroleum ether brought about no apparent change.

It was considered that the petroleum ether might alter the porosity
of membrane filters, and to determine this the following experiment
was performed.

Ten millilitres of petroleum ether and 10 ml. of a petroleum
ether-coconut oil mixture were passed through each of two groups of
membrane filters and dried by the prolonged application of a slight
negative pressure. When dry, a heavy saline suspension of BCG was
passed through all the membranes and through control membranes; all
membranes were then transferred to slopes of Lowenstein (Jensen)
medium. The filtrates from each of the two groups of treated mem-
branes were passed through another set of untreated membranes in
order to detect the presence of viable elements and these were also
placed on L3wenstein slopes.

The results showed that the preliminsry passage of petroleum
ether or of a mixture of petroleum ether and cocomtt oil in no way

interfered with the capacity of membrane filters to retain tubercle
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bacilli, nor did it interfere with the cepacity of the bacilli to
grow on the surface of the membrane., Full advantage wes teken of this
fortuitous circumstance and membrane filters were used in all experi-
ments for the cultivation of tubercle bacilli collected by oil par-
tition. Though Cellafilter membranes are intended for the filtra-
tion of organic solvents, their use is precluded by the extra labor

involved and by the suitability of membrane filters.

Comparison of coconut oil, liguid paraffin and Qetfoleum ether:

Saline suspensions of the BCG gtrain, prepared as previously des-

cribed and of known bacillary content, were distributed in three
groups of test tubes. Within each group of tubes, successive decimal
dilutions were prepered which extended from 5 x 107 to 50 bacilli per
5 ml. of suspension. One group ﬁas subjected to oil partition by coco-
nmut oil, the second by liquid paraffin and the third by petroleum
ether. No centrifugation was necessary after shaking of the petro-
leum ether group; the solvent separated spontaneously from the
aqueous layer. The coconmut oil and liquid paraffin were dissolved
in 10 ml. of petroleum ether after withdrawal of the agqueous sub-
natant layer and passed through membrane filters. The agueous sub-
ngtant layers were withdrawn by means of the separatory funnels,

as described earlier, and passed through membrane filters, as it was
desired to ascertain whether or not they contained viable bacilli.

The absence of viable bacilli in the agueous subnatant would indicate
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that they had been completely removed from the original suspension by
the process of oil pertition. On the other hand, the presence of viable
bacilli would indicate they had not been completely removed. All mem-
branes were placed on slopes of Ldwenstein - Jensen medium, incubated
at 37°C, and examined once weekly.

The results after five weeks of incubation are shown in
Table V. Cocomut oil appears to be the most efficient as a wehicle for
oil partition; no viable bacilli were detected in the aqueous subnatants
of suspensions which originally contained fewer than 5 x 104 organisms.
By contrast, viable bacilli were detected in the aqueous subnatants
derived from even the most dilute suspensions, when liquid paraffin or
petroleum ether were used. No growth appeared on membranes through
which the liquid paraffin or petroleum ether had been passed, except
when the original suspensions contained more than 5 x 107 bacilli; this
finding further demonstrates the inmefficiency of these materials as
agents for oil partition.

The Table also shows that although cocomut oil is efficient
as a vehicle for oil partition, its inhibitory action appears to be con-
siderable when the mmber of bacilli is small; after collection by
cocomrt o0il, the growth of less than 5§ x 103 bacilli is completely

inhibited.

The lethnl action of coconut oil for small mmbers of tubercle bacilli:

In a number of experiments in which coconut oil was used to partition
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TABLE V

The influence of  the Baciilary Content of Aqueous Suspensions on
the Distribution#of M. tuberculosis (BCG) Between 0il and Aqueous
Layers Subsequent to 0il Partition

Bacillary Cocomt oil Liquid Petroleum
con;ent peraffin ether
o
suspension
0il | Aqueous | 0il Aqueous | 011 ueous
layer | layer layer | layer layer [layer

5x 107 ++ +++ x x 4+ +++
5x lO6 +++ ++ +++ ++ x x
5 x 10° FH + + + - +H
5x lO4 + - - ++1- b'4 p 4
5 x 103 + - - +H - +
5x 102 - - - + x x
5 x 10t - - x x - -

# As shown by growth of bacilli collected on membranes after
five weeks cultivation on Ldwenstein (Jensen) medium

+++

+  Extent of growth
+

- No growth

x Omitted

R

A X

s R imn s

.

-—
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tubercle bacilli of the BCG strain, growth was never obtained from the
0il when the original suspension contained fewer than 5 x 103 bacilli,
In this series, suspensions of the bacilli were also passed directly
through membrane filters; these served as controls. The results of two
such experiments, which were conducted at different times, are shown in
Table VI. In both experiments, growth occurred within four weeks on
membranes through which suspensions containing as few as 50 bacilli had
been filtered. This finding proves that the membrane itself is not con-
tributing to the inhibition suffered by the organisms. Further, in the
control series growth always appeared earlier and was more prolific.

Though the results reported in the previous section indicated
that coconut oil is relatively less lethal than other oils for the {tuber-
cle bacillus, it is not devoid of lethal action. This is given exp-
ression when the exposure time is prolonged (see Fig. I), or when the
mumber of bacilli exposed is small (Tables V and VI).

The finding that cocomut oil completely collected fewer than
5= 105 bacilli from aqueous suspension is in sgreement with that of
Hawirko (1951). She reported, however, that liquid paraffin gave good
results when employed for the collection of tubercle becilli from sputum
digests. Later experiments by the author showed that liquid paraffin
was readily emulsified with digested sputa. However, when shaken with
saline the oil did not produce a true emulsion, but broke up into

globules which were relatively large, whereas coconut oil was readily




TABLE VI

The Inhibitory Effect of Coconut Oil Partition on the Growth of
Small Mumbers of M. tuberculogis (BCG)

Growth’ of oil partitioned| Growth'of
Expt. | Number bacilli untreated bacilli
No. of BCG
2 weeks 4 weeks 2 weeks 4 weeks
5 x 107 + +++ ++ +++
5 x 10 - + N .
1l 5x 103 - + + ++
5 x 101 - - - +
5x 105 - ++ ++ +++
5x 104 - ++ ++ ++
5x 103 - ++ - ++
2 2
5 x 10 - - - ++
5% :I.Ol - - - +

# Bacilli were collected on membranes and cultivated on

|+¢$

Extent of growth
o growth

Lowenstein (Jensen) medium
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emulsified. The limited contact between bacilli and oil is the most
probable explanation for the observation that liquid paraffin is not
an efficient wvehicle for oil pertition under the experimental con-
ditions,

Neither was there a true emulsion when petroleum ether was
used. In this case it is possible that the bacilli do not migrate
into the solvent, but collect in the interface between the layers;
earlier workers who used ligroin and other hydrocarbons for the con-
centration of tubercle bacilli in sputa, customarily found the bacilli
in the interface.

It is concluded that, under the experimental conditions,
cocomut o0il is more efficient than either liquid paraffin or pet-
roleum ether for the collection of smell numbers of tubercle bacilli

by oil partition.
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Investigations on Tuberculo-Lipids

In order that the oil partition method may be effectively
applied to the collection of tubercle bacilli, it is essential to
find & méans of preventing or reducing the lethal sction of cocomt
0il for smell mmbers. It was suggested by Hawirko and Murray (1954)
that the bactericidal effect might be due to the removel of an essen-
tial 1lipid from the cell surface by solution in the oil. That this
might possibly be the mode of sction was indicated by the finding that
addition of cholesterol or cephalin to a bactericidal oil reduced its
effect to a considerable degree.

4 study was made to determine whether or not lipid fractions
extracted from the tubercle bacillus could overcome the inhibitory
action of cocorut oil, by incorporation in it, or allow the growth
of oil pertitioned bacilli by incorporation in the culture medium.
The principles underlying this approach are, (1) by addition of
tuberculo-lipid to cocomut oil, (i.e. by seturation of the oil with
1ipid) the capacity of the oil to dissolve further bacillery lipids
may be diminished; (2) edditlon of lipid to the culture medium may
provide an essential lipid wﬁich had previously beenvlost to the oil
during the process of partition. In this comnection, Marks (1953)
has shown that an eﬁhereal tuberculo-lipid extract will allow the
growth of small inocula of tubercle bacilli when incorporated in an

otherwise deficient medium. In addition, extracts of M. phleivare
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commonly used in the preparation of culture media for M, johnei, which
appears to be deficient in essential substances necessary for pro-

liferation on artificisl media.

Procedure

A large quantity of BCG culture# grown on Sauton's medium was
killed by steaming at 100°C. for one hour, washed, dried and extracted
with diethyl ether by the method of &nderson (1927). Ultimately, the
crude extract was separated into three fractions - (i) an acetone-
soluble fat, (ii) an acetone-insoluble fraction obtained as a white
powder after purification and (iii) an acetome-insoluble wax. These
correspord in method of preparation to Anderson's neutral fat, A-3
(phosphatide) and A~/ (low-melting wex) fractions, respectively.
Though not subjected to chemical analysis, they will be referred to
as fet, phosphatide and wax, with the understanding that they corres-
pond in method of preparation to Andersonts fractions of the same
designation., Full details of the extraction process and separation
of the fractions are provided in Appendix B.

Bach of these fractions was miscible in 11 proportions with
cocomut oil. The crude ether extract and the acetone-soluble fat

fractions, though miscible, were not completely soluble; even after

thorough mixing and heating the mixtures remeined turbidd. The

# Supplied by L'Institut de Microbiologie et @' Hygiéne,
Université de Montréal, through the courtesy of Professor A.
Frappier
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addition of petroleum ether did mot bring about solution of the
mixtures, por were these fractions themselves soluble in petroleum
ether. Attempts to pass these turbid suspensions through membrane
filters were unsuccessful, due to clogging of the membrares. The
phosphatide and wax fractions produced completely clear solutions
with coconut oil and with petroleum ether.

To test the effect of the lipid fractions on the growth of the
tubercle bacillus, they were incorporated in Lowenstein (Jensen)
medium. The method for the preparation of medium containing these

extrects is detsiled in Appendix B.
Results

The effect of tuberculo-lipid sdded to coconut oil: Preliminary

attempts were made to collect tubercle bacilli from aqueous suspension
with mixtures of coconut oil and the phosphatide and wax fractions.
Centrifugation of the emulsion did not achieve separation of the two
phases; & sospy mass resulted and there was no clear distinction
between oil and water layers. As it was impossible to recover the oil,
a different procedure was adopted.

Tvbercle bacilli of the BCG strain were deposited on membrane
filters by the passage of one ml. of 'single cell' suspensions which
contained 5 x 103 end 5 x 102 bacilli per ml. respectively. Suction

was epplied to the membranes for one hour, at the end of which time
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the membranes were gquite dry. The suction was cut off, and 1 ml.
eliquots of cocomut oil, cocomut oil containing 10% phosphatide and
coconmut 0il conteining 10% wex were deposited on each membrane.
After one hour of exposure, 10 ml. of sterile petroleum ether wes
added to each filter and agitated vigorously with a pipette to dis-
solve the oil. This was drawn through the membrane, which received
a final wash of 2-3 ml. of petroleum ether. The membranes were
transferred to Lowenstein (Jensen) medium and incubated at 37°C.
Thig method was used instead of depositing the bacilli on filter
peper squares, &s the letter does not allow reproducible results
vhen the inoculum is small.

The results in Table VII show that the phosphatide fraction
incorporated in cocomut oil had a slight protective effect on the
viability of the tubercle bacillus, when the original inoculum con-
sisted of 5 x 10° bacilli. When the wax fraction was incorporated
in oil, there was slightly more profuse growth than in those cultures
which had been exposed to the oil alone. With the smaller inoculum
there was no significant difference between the tests. It is note-
worthy that growth was obtained from an inoculum of 5 x 102 bacilli
after exposure to cocomut oil under the conditions of this experi-

ment, while growth was never obtained from an inoculum smeller than

5x 10° bacilli in oil partition experiments.




TABLE VII

The Growth of M. tuberculosis (BCG) After Exposure
to Cocomat 0il and Tuberculo-Lipid Fractions

Bacilli exposed Growth after incubation for:
for one hour Inoculum
to
2 weeks P weeks | 4 weeks
|
+
Cocomut t 5x 10° - + ++
0il 5
5 x 10 - - +
Cocomut 01l 5x lO3 + ++ ++
plus 2
10% phosphatide 5x10 - - +
Cocomut 011 5 x 10° - " H+
plus 2
10%¢ wax 5 x 10 - - +
++
+  Extent of growth
+

- No growth
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Ihe effect of tuberculo-lipid jincorporated in Lowenstein mediume

1Single cell! seline suspensions of BCG were prepared which contained

5x 10% 5 x 10° end 5 x 102 bacilli in volumes of 5 ml. These were
subjected to cocomut oil partition, the bacilli were collected on
membranes and planted on media containing the crude lipid extract,
and each of its three fractions in a final concentration of 0.5%
(see Appendix B)., The results in Table VIII show that not only do
these lipid fractions fail to assist the growth of oil partitioned
tubercle bacilli, but the crude lipid extract and the acetone-soluble
fat actually inhibit their growth; no growth was obtained on media
conteining these fractions even when 5 x 104 bacilli were present in
the original suspension.

A second experiment was carried out in order to determine the
effect of tuberculo-lipid on the growth of untreated bacilli. The
medis containing the lipid frections were dispensed in Petri dishes
of 5 cm. dismeter. These were seeded with relatively heavy inocula
of each of the three strains of BCG, HA and HS; ten day Tween-albumin
cultures were adjusted to equal opacity using fresh medium, in order
that the inocula be of similar size, and diluted to 1/100 with fresh
‘medium. Calibrated dropping pipettes, which delivered drops of

0.025 ml. volume, were used to seed the media, each of which received
one drop of the 1/100 dilution of the culture. The inocula were

spread over the surfaces of the media, the plates were sealed with
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adhesive tepe and incubated at 37°C. The plates were examined at
four day intervals end the results in Table IX are expressed as
thet multiple of 4 days on which growth was first observed. Visible
growth of the BCG strain had occurred after eight days on Lowenstein
medium alone and on the media containing phosphatide and wex, but did
not appear until the sixteenth day ef incubetion on the media con-
taining the crude extract or the acetone-soluble fat; the HA and HS
strains grew more slowly than BCG, but the same feature is evident.
The HS strain did not grow at all after 24 days of incubation on the
medium containing acetone-soluble fat; it appears to be more sen-

sitive to this fraction than either of the other two strains.

The golubility of acetonme-soluble fat in oilg: It wes noted earlier
in this section that the acetone-soluble fat and the crude lipid

extract were not completely soluble in cocomut 0il or in petroleum
ether. In contrast, the phosphatide and wax fractions formed per-
fectly clear solutions with both these materials. Testing of the
solubility of each of the tuberculo-lipid fractions in other oils
showed that there appeared to be a relation between the inhibitory
ection of an oil and its ability to form a clear solution with the
acetons-soluble fat fraction. The moderately inhibitory seseme and
olive oils and the highly inhibitory peamut oil formed clear, faintly
opalescent solutions with the fat fraction. Liquid paraffin, which

has only slight inhibitory activity formed a turbid suspension, of
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T. VIiI i
The Influence of Tuberculo-Lipid on the : '
of O0i] Partitioned e Bac BCG '
Growth after 5 weeks on Lowenstein medium !
Number containing: ’
of "
BCG 0.5% 4
extract fat | phosphatide | wvax i
!
5x10%| - - +H ++ i
5x100| + - - + + ‘
¢
5x 102 - - - i
e |
The Influence of Tuberculo-Lipld on the }
wth of U Tubercle Baci BCG ;
The mmber of days required for earliest visible !
' growth on Liwenstein medium containing: !
Strain
nll 0.5% .
cm 005% 005% 005‘
~extract fat phosphatide | wax
! 1
BCG 8 16 16 8 8 ;
HA 16 20 20 16 16 i
HS 12 20 # 12 12 R

# No growthaf;l:orZI.days
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sbout the same density s that formed with cocomut oil. These ob-
servations &lso extend to organic solvents; the fat fraction was
goluble in acetone and in ether, both highly toxic for the tubercle
bacillus, but not in petroleum ether, vwhich is innocuous.

Oleic acid, which has a marked lethal action, dissolved the fat
frection completely. This was also achieved by undecylic, undecylenic
and caprylic acids. The triglycerides, tricaprylin and tricaproin,
on the other hand, formed turbid suspensions with the fat fraction;
these were not as dense es the suspensions formed with cocomut oil
and 1iquid paraffin, The effects of the triglycerides and the three
lover fatty acids on the viability of the tubercle bacillus were pot
tested.

In order to confirm these observations, small quantities of
each of the three tuberculo-lipid fractions were mixed with 5 ml., of
each oil, fatty acid or triglyceride and placed in a water bath at
60°C for one hour, At the end of this time the tubes were examined
end the results of the test with the acetone-soluble fat fraction
are shown in Table X. The phosphatide and wax fractions dissolved in
all materials tested, but on cooling to room temperature the mixtures
of wax and each of the triglycerides became turbid. All others re-
mained clear, even after a further twenty four hours at room tem-
perature. The insoluble material in the mixtures of fat amd cocomut

0il, liquid paraffin, tricaprylin and tricaproin had settled to the
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TABLE X

The Lethal Action of Lipids and their Ability
to Dissolve the Acetone-Soluble Fat of the

Lipid Lethal Acetone~Soluble
action fat
Coconut oil + Insoluble
Sesame ¥ ++ Soluble
Olive " ++ "
Peanut " R "
L.Paraffin + Insoluble
Caprylic acid Soluble
Undecylic acid "
Undecylenic acid "
Oleic acid , +++ n
Tricaproin v Insoluble
Tricaprylin , Insoluble
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bottoms of the tubes after forty-eight hours at room temperature,
and could be resuspended on sheking.

- It would appear that a free carboxyl group is one of the
features necessary to achieve solution of the acetone-soluble fat;
both saturated and unsaturated acids dissolved it, while the two
triglycerides did not. As an unsaturated triglyceride was not
aveilable, it was not possible to determine to what extent the
ability of peanut, olive and sessme oils to dissolve the fraction
weas due to their content of free fatty acids or of unsaturated
triglycerides.

These results would indicate that if vegetable oils exert their
lethal action on the tubercle bacillus by dissolving and removing an
essential lipid from the surface of the cell, rather than by an in-
ﬂerent toxlcity, this essential materlal is closely associated with
the ecetone-soluble fat fraction of the bacillus. The finding that
the acetone-soluble fat inhibits the growth of the tubercle bacillus
when incorporated in egg medium might appear to contradiet this, but
this fraction contains a.considerable amount of free fatty acids in
addition to neutral fats (Anderson 1939), and free fatty acid is
bacteriostatic for growing tubercle bacilli even in mimute concen-
trations (Drea 1944; Dubos 1950). The inhibitory effect of the
crude lipid extract on growth is doubtless due to its content of

acetone-soluble fat.
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The phosphatide fraction eppears eble to afford a slight
protection to tubercle bacilli exposed to cocomut oil. Whether this
is & specific effect is doubtful, as Hawirko (1954) showed thet
cephalin and cholesterol also protected tubercle bacilli exposed to
other vegeteble oils. It is interesting to note that other phos-
phatides and sterols, e.g. lecithin and calciferol have been reported
to be able to reverse the bacteriostatic effects of small amounts of
free fatty acid present in a mutrient medium (Kodicek 1949).

The finding that the Anderson A-3 phosphatide fraction when
incorporated in egg medium is without apparent effect on the growth
of either untreated or oil partitioned tubercle bacilli is in agree-
ment with that of Boissevain and Schultz (1938); these workers re—
ported that this fraction had no influence on the growth of small
inocule in a synthetic medium.

Since the phosphatide and wex fractions were without influence
on the growth of oil partitioned bacilli, and 0il pertition using &
solution of tuberculo-phosphatide in cocomut oil was not technically

feasible, the need for another spproach was indicated.
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Fluid Media for the Cultivation of 0il Partitiomned
Tubercle Bacilli

A comparison was made of the relative merits of Lowenstein
(Jensen) medium, Tween - albumin fluid and Kirchner's semi-synthetic
medium (Reed 1953) for the cultivation of oil pertitioned tubercle
bacilli. Preliminary trials had shown that the two fluid media were
equally effective 1n initiating the growth of small inocula of nor-
mal bacilli. The Kirchner medium contained 10% humen serum, as this
was available in large quantity; its preparation is deseribed in
Appendix A,

Each medium was seeded with membranes on which had been col-
lected tubercle bacilli of the BCG strain partitioned by cocomut oil
from suspensions which contained 50,000 to 50 bacilli. Table XTI
shows that the fluid media are superior to Lowenstein medium for the
cultivation of o0il partitioned bacilll; each allowed growth of 500
bacilli, while growth on the Lowenstein medium did not occur with
fewer than 5000 bacilli. Further, growth appeared earlier in the
fluid media. Essentially the same results were obtained with the
HA strain. It grows more slowly than BCG, but is less susceptible
to the lethal action of cocomut oil. The superlority of the fluid
media is no doubt due, in part, to the fact that mutrients are more
readily accessible as & result of more intimate contact between the

bacllli and the medium.
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TABLE X1

Solid and Fluid Media for Cultivation of
0 P itioned bercle Bacilli (BCG

Ldwenstein Dubos' Kirchner
medium medium medium
Number of ,
BCG 2 L 2 4 2 L
weeks weeks weeks weeks weeks weeks
" ’
5 X 10 - +++ + ++ + ++ )
5 X lO3 - + + ++ + ++
2 q
5 & 10 - - - ++ - +4 o
5 X 10 - 1 - - - - d
+++
++ Extent of growth

+

¥
5
]
X

- NO growth
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For reproducible results with small inocula in Kirchner medium
it wes found necessary to clean the culture flasks by immersion for
twenty four hours in a mixture of 10% concentrated nitric acid in
concentrated sulphuric acid; visible films observed after washing
the culture flasks with e detergen‘t; were removed by treatment with
the acid mixture. By the use of flasks cleaned in this manner, it
was possible to obtain growth consistently from an inoculum as small
a8 20 bacilli (0.2 ml. of a 109 dilution of a suspension which con-
tained 1 x 107 bacilli per ml.).

Kirchner's medium was selected for use in all subsequent
experiments. It is easier and more economical to prepere than Tween-
albumin medium and is as good as the latter for the cultivation of
tubercle becilli. It was preferred to Tween - albumin medium in
experiments with growth factors, as it has been shown by & number of
workers thet Tween 80 mey affect the action of substances, present
in the medium, on the multiplication of tubercle bacilli (Kirby and
Dubos 1947; Youmans and Youmens 1948). Another advantage is that
smears need not be prepared in order to check the purity of a cul-
ture. Growth occurs in the depth of the medium as characteristic
gramilar clumps and the medium remeins clear at all times; any ap—

pearance of turbidity indicates the presence of conteminants.
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The Influence of Accessory Growth Factors on 0il Partitioned

Tubercle Bacilli

As attempts to restore the viability of oil partitioned tuber-
cle bacilli by the use of tuberculo-lipids were unsuccessful, atten-
tion was directed toward the possibility of augmenting or assisting
.their metabolism by the incorporation of accessory growth factors in
the culture medium. A number of diverse substances were examined
vwhich included B~complex vitemins, #-tocopherol acetate, phthiocol,
menadione diphosphate, d(-) arabinose, acetic, oleic and linoleic

acids, an acetone extract of M. phlei and the filtrate from a culture

of Candida albicans.

Few reports have appeared in the literature concerning the
stimulation of growth of the tubercle bacillus by the vitamins B,
Indeed, Pope and Smith (1946) and Bird (1947) have shown that vita-
mings of this group are elaborated by tubercle bacilli grown in syn-
thetic media devoid of preformed vitamins. Uyei (1930) claimed that
inositol, in concentrations of 0.0l - 1% stimulated the growth of
tubercle bacilli in synthetic media, provided a large inoculum was
used. Nagaya (1951) reported that inositol stimulated the growth
of M. avium provided asparagine was also present. Leitner (1937)
reported stimulation of growth by thiamine and Luts: (1949) demon~
strated thet pantothenic acid in high concentration (10 - 15 mgms

per 50 ml.) stimulated the growth of tubercle bacilli in synthetic
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media. A most interesting report was that of Schaefer (1955), who
showed that certain strains of the tubercle bacillus do not grow on
oleic acid - albumin agar upon primery lsolation except in the presence
of biotin or in an atmosphere containing 5% carbon dioxide. This
finding suggested that the function of biotin in the metabolism of the
bacillus is associated with assimilation of carbon dioxide.

Dubos (191.7) reported that the water-soluble tocopherol phos-
phate produced a marked improvement in the growth of tubercle bacilli
in Tween - albumin medium in a concentration of 0.005%. Kodicek (1949)
showed that «-tocopherol and its acetate reversed the inhibitory effect

of long chain fatty acids for Lactobacillus casei. Tocopherol is

thought to play a role in lipid metabolism by virtue of its anti-
oxidant action; it apparently spares the oxidative breakdown of essen-
tial fatty acids in animal tissues (Gortner 1949). Phthiocol, the
pigment isolated by Apderson (1939) from the acetone-soluble fat of
the tubercle bacillus, was shown by Wooley and McCarter (1940) to be
active in supporting the growth of M. johnei in a snythetic medium.
Phthiocol is structurally similar to Vitamin K, but most reporis con-
cerning this vitamin and its analogues indicate they are tuberculo-
static (Inland 1949; Panisset 1952). Kimler (1950) suggested that the
tuberculostatic action of Vitamin K and its analogues is due to their
functioning es inhibitory competitive analogues of phthiocol, which he

regards as an essential metabolite.
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Long chain fatty acids may have an inhibitory or stimulatory
effect on the growth of the tubercle bacillus, depending on the experi-
mentel conditions. Dubos (1947, 1948) showed that they enhanced
growth vhen added to culture media in admixture with sufficient serum
glbumin to neutralize their toxicity., Youmans and Youmans(1954) re-
ported that long chain fatty acids can replace glycerol as & carbon
source in a completely synthetic medium provided the concentration
is not too high and the inoculum is not too small.

The pentose sugar d (-) arabinose is not often found in
nature., It is found, however, in the polyseccharide obtained by
seponification of the chloroform - soluble wax of the tubercle
bacillus (Anderson 1339). It wes considered worthy of study des-
pite the finding of Youmans' and Youmans (1953) that neither the d(-)
nor 1(+) isomers could replace glycerol as a carbon source for the
tubercle bacillus.,

In 195/, Mankiewicéz reported that Candida elbicans produces
a factor which promotes the growth of tubercle bacilli of reduced
viability. Growth of two recently isolated strains of tubercle
bacilli was obtained in culture filtrates of C. glbicens grown in
brain heart.infusion broth.

Francis et al. (1949, 1953) reported the isolation from M.
phlel of a growth factor for M. Jjohnei which was purified and given
the neme 'mycobactin'’. This compound had not been described
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heretofore and was shown to have a chemical structure distinctly dif¥
ferent from any other known growth factor. Most known growth factors
are of widespread occurrence in nature, while mycobactin appears to
be distributed only within 'bhé gerus Mycobacterium. Francis sug-
gested that its production results from some peculiarity in the metsa-
bolism of the genus; M. Jjohnei apparently has only a limited ability

to synthesize this substance upon primary isolation.

Procedures

The growth factors were incorporated in Kirchner's fluid
medium by the addition of 1 ml, of a stock solution, or a dilution
thereof, to give the final concentration desired. The sources of
these substances are given in Appendix C and the chart below sum-

marizes the mode of preparation of stock solutions.

Compound Solvent Stock Solution
Biotin Phosphate buffer pH 7.2 1 mgn/ml
p-Aminobenzoic acid Basel medium 1 mgm/ml
Pyridoxine.HCL n 5 mgms/ml
meso-Inositol " 100 mgms/ml
Thiamine., HCL " 10 mgms/ml
Calcium pantothenate Distilled water 50 mgms/ml
dl-e -Tocopherol Acetate Ethanol-water (1:10) 5 mgms/ml

Menadione diphosphate  Distilled water 1 mgm/ml
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Compound Solvent Stock Solution
Phthiocol Distilled water 0.5 mgm/ml
Sodium acetate | prepared in basal medium

Oleic acid N NaOH 10 mgms/ml
Linoleic acid N NaOH 5 mgms/ml

Al1]1 materisls except Tocopherol acetate and sodium acetate
were sterilized by membrane filtration. Tocopherol, being insoluble
in water wes mede up in ethamol, sterilized by Cellafilter filtre-
tion and sterile distilled water. added to gi#e an enulsion in which
the final concentration of tocopherol acetate was 5 mgms/ml.

Sodium acetate was sterilzed by autoclaving after incorporation in
the' basel medium.

d(-)Arsbinoge: This was prepared in 10% solution in Kirchner basal
medium which conteined no glycerin and sterilized by membrane fil-
tration. A 10% solution of glycerin in the basel medium was also
prepared and these were added, in the proportions shown below, to
basal medium without glycerin; 10 ml. of serum was added to each

100 nl. of the varlious medlia before use.

ml. ml, ml. Finel concentration
Besel medium 10% 10% after addition of serum
ino g;xcerin) glycerin arabinose 2 glycerin % asrabinoge

m 20 - 1.8 -

70 20 10 1.8 0.9

70 10 20 0.9 1.8

90 - 10 - 0.4
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Acetone extract of M. phlei: This was prepared after the method of
Frencis (1953); its preparation is described in Appendix D. A 1/8
dilution of the acetone extract was prepared in basel medium and
steamed at 100°C until the nitroprusside test for acetone became
negative (Hawk, Oser and Summerson 1954). The extract remained
evénly dispersed throughout the basel medium after removel of the
acetone. Increasing 3 dilutions were prepered in the basal medium
and 10% serum was added. The final concentrations of acetone ex-

tract in the complete media were 1/35, 1/140, 1/560 and 1/2240.

Cendida elbicans filtrate: Candide albicans was grown for two
weeks in a medium consisting of 2% peptone and /£ cerelose in dis-
tilled water# o The fully grown culture was autoclaved and Seitz-
filtered to remove the yeast cells. The Seitz filtrate was added
to Kirchner medium in concentrations which extended from 1 - 10%.
The amount of serum was reduced so that the combined proportions of
filtrate and serum did not exceed 10%. |

The HA strain was used in these investigations. The bacillary

suspensions used for oil pertition contained numbers ranging from

1000 to 100 bacilli per 5 ml. The content was determined by the

# Dr., F, Blank, Department of Bacteriology, McGill University.
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extent of dilution of the filtered saline suspension upon which
the totel count was performed. In the majority of cases, the
bacilli were transferred to the culture medium immediately after

oll partition. In some cases however, the bacilli were allowed to

remain in the oll for verying periods of time in order to determine
the effect of added substances on bacilli dameged by prolonged ex—
posure to cocomut oil.

In order to obtain a rough quantitstive estimete of the ef-
ficacy of added materiels, the practice was adopted of examining
the cultures deily and recording the day on which growth first be-
came visible. As there was some variation, usually not more than
two deys, in the time taken for duplicate samples to show growth
when small inocula were used, five replicates were included in each
test, in order to minimize the sampling error and also to prevent
contamination from invalidating an experiment. All experiments .
vere terminated after 28 days of incubation.

The effect of these growth factors on normsl tubercle becilli
was also examined. As tubercle becilli grow readily in Kirchner's
medium, the inoculum was reduced to about 50 baecilli (0.2 ml. of &
suspension diluted to contain 250 bacilli per ml.) in order to ren-

der the test the more sensitive.
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Regults

The results of these experiments ere summarized in Tables XII

to XVII inclusive and show that only inositol and the Candidae

albicans filtrate exerted any favourable influwence on the growth of
oil partitioned tubercle becilli of the HA strain.

In Tgble XII, it is shown that inositol in a concentration of
100 micrograms/ml. or greater allowed the growth of all five rep-
licates vwhen & suspension conteining 100 bacilli was subjected to
oil partition. No cultures grew when the inositol content was
10 micrograms/ml. and only one grew when the medium conteined no
inositol. Inositol appeared to have little or mo influence on the
growth rate; there appeared to be a slight increase in the time re-
quired for earliest visible growth when the original suspension con-
tained 500 bacilli. Biotin in concentrations from 0,1 micrograms
4o 10 microgrems allowed more rapid growth of organisms collected
from a suspension containing 100 bacilli, but in the higher con-
centration, not all samples grew. Calcium pantothenate had a glight
favourable influence on growth rate; pyridoxine, in & concentration
of 50 micrograms per ml. appeared to be somewhat inhibitory for oil
partitioned bacilli; the time required for earliest visible growth
increased and the proportion of replicate semples showing growth

decreased.
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TABLE AII

The Influence of B Vitamins on the Growth
of 0il Partitioned Tubercle Bacilli (HA)

- *
(The time in days required for first appearance of growth )

s

!; 2 Number of bacilli
; ) Compound Concentration S
1 Y /ml 500 100
g: |
| Biotin 0 - 21 )
r 0.1 - 18,2 | ;g
v i
“ 1 - 17g+ -
10 - 19.3°
,
“ Thiamine. HC1 0 14,7 - .1
l 15'o)+ - i‘
4 i
10 15.2 - 4
100 14.8 - [
{
{
'
p-Aminobenzoic 0 16.6 - B
acid i
0.1 15.5 - ¥
1 22,7 - ﬁ
10 16 - q




TABLE XII (cCont!

Number of bacilli
Compound Concentration
Y/ml
. 500 100
Calcium 0 16.2 -
pantothenate
5 1608 -
50 l]'".6 -
500 1)4'.6 -
Pyridoxine HC1l 0 16 -
005 1501 -
"
5 15.5 -
2
50 1805 -
1l
Inositol 0 14 16
10 14 X
100 16 15.6
1000 15.2 15.6

®* The average time required for 5 samples to show visible growth., .
Growth of less than 5 samples is indicated by the superscript.

- omitted

X growth failure in all samples
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Table XIII shows that none of the fatty aclds exerted any
favourable influence on growth., Oleic acid was slightly inhibitory
in & concentration of 0.05 mgms per ml. and O.] mgm per ml. wes
completely inhibitory for both oil partitioned and normal bacilli.
Liroleic acid did not inhibit growth in a concentration of 0.05
mgms per ml.; higher concentrations were not tested.

Preliminary tests were carried out to determine the effect
of tocopherol acetate, phthiocoi and menadione diphosphate on the
growth of normal bacilli, in order that a suitable range of concen-
trations could be selected for testing. Phthiocol and mensdione
delayed growth in concentrations of grealer than 10 mlcrograms
per ml. and 100 microgreams per ml. respectively, while lower con-
centrations had no inhibitory influence. Tocopherol acetete had
no influence on growth in concentrations from 0.l micrograms to
50 micrograms per ml, provided the concentration of ethanol, which
wes used to dissolve it, was less than 0.1% in the complete medium;
growth waes retarded when ethanol was present in 1% concentration.
Table XIV shows that none of these substances exerted a favourable
influence on the growth of oll partitioned bacilli. Tocopherol

ecetate delayed growth in a concentration of 50 micrograms per ml.
Table XV shows that the combination of d(-)arabinose and

glycerin in concentrations of 1.8% and 0.9% respectively caused a
marked delay in the growth rate of oil-partitioned bacilli; the
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TABLE XIII

ﬁlhg_zimﬁ in davs required for first appearance of g;ggpg*i
Number of bacilli
Compound Concentration
mem. per mle | 45 500 100
0 15.8 - 25.63
Sodium 0.1l 15.4 - 22
acetate
005 15.0 - 22.53 .
"
l.O 1608 - 2""
"
O l]'l‘."{' - 19
Sodium 0.01 15,2 - 17.%
oleate
0,02 13.4% - 19
0005 16.6 - 2)+063
0 - 16 -
Sodium 0.002 - 14%.7 -
linoleate
0.01 - 16. -
0.05 - 15 -

* The average time required for 5 samples to show visible growth..
Growth of less than 5 samples is indicated by the superscript.

- omitted
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TABLE XIV

Menadione on the Growth of

b4

Phthiocol and,
1 Partitioned

x
_(The time in days required for first appearance of growth )

Nuﬁber of bacilli
Compound Concentration
0 l7u 16.2
A =Tocopherol 5 18,2 18.2
acetate "
50 19,4 19.5
l u
0 2005 17 )+
5 19.6 19.4
0 - 20;2h
Menadione 1l - 19)+
diphosphate
w 10 - 18

* The average time required for 5 samples to show visible growth.
Growth of less than 5 samples is indicated by the superseript.

# Exposed to coconut oil for 3 hours

- omitted

o e Mo T T

Ry
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TABLE XV

The Influence of d(-) Arabinose on the Growth
of 0il Partitioned Tubercle Bacilli (500 HA)

(The time in days required for first appearance of growth™)

Composition of medium

first
appearance of
growth (days)

*

% Glycerin % Arabinose
1.8 0 15
1.8 0.9 17.6”
0.9 1.8 21
0 0.9 16.5
0 1.8 17°

* The average time required for 5 samples to show visible growth.
Growth of less than 5 samples 1s indicated by the superscript.
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same effect was noted with normal bacilli., This effect was not as
pronounced when the medium conteined only d(-) arabinose.

Teble XVI shows that the M.phleil acetone extract has no in-
fluence on the growth rate of oil-pertitioned bacilli; normal bacilli
vere nol tested. Preliminery tests showed that this extract con-
talned a factor which promoted the growth of M. _johnei, however.
(See Appendix D).

Table XVII shows that the Candida albicans filtrate conteins
a factor or factors which stimulated the growth of bacilli which
had been exposed to cocomut 0il for three hours subsequent to oil
partition. In a concentration of 5%, growth occurred in each of
the five replicates and in only two of five replicates when the
medivm contained no Candide filtrate. Complete replacement of the
serum by Candida filtrate allowed no growth, either of oil par-
titioned or untreated bacilli, This indicates that a factor is
present in serum which is essential for growth of a small inoculum
of the tubercle bacillus in synthetic medium, and which is not rep-
laced, or substituted for, by the Candida factor.

Under the experimentel conditions, pone of the factors which
were examined exerted & stimulating effect on the growth of normal
bacilli of the HA strain. These results are not included in the
tables which summarize the results obtained with oil partitioned
bacilli; no direct comparison can be mede because & smaller ino-

culum was used in the tests with normel bacilli.
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TABLE XVI

. The Influence of M. phlel Acetone Extract
on the Growth of 0il Par{itioned Tubercle
: __Bacilli (HA

(The time in days required for first appearance of growth*)

Concentration Number of bacilli
Exgiact #

500 250

0 16.7" 17.2
1/35 20,6 16.7“

1/140 ' 17 17.4

1/560 17.% 16.8
1/2040 18" 18.7

* The average time required for 5 samples to show visible
growth. Growth of less than 5 samples is indicated by the
superscript.

# Exposed to cocomut oil for 3 hours.
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TABLE XVII

The Influence of C. albicans filtrate on
the Growth of 0il Partitioni Tubercle
Bacilli (500 HA)

? CompOSition of Medium first appearance
E — of growth (days)*
i % serum % Candida filtrate '

% X

: 10 0 17.52

z 9 1 1607u

: 745 2,5 17.%

§ 5 5 1545

’ 0 10 X

|3

*

The average time required for 5 samples to show visible

growth. Growth of less than 5 samples is indicated by the
superscripte. '

Growth failure in all samples. R

Exposed to coconut oil for 3 hours. j
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Further Studies with Inositol and the Candida Albicans Factor

In the preceding section it was shown that inositol and the
Candide filtrate exerted a favourable influence on the growth of
oil pertitioned tubercle bacilli. Accordingly, they were selected
for study and additionsl experiments confirmed the originel findings.
In order to obtesin an accurate estimate of the amount of growth en-
sulng from inocula of oil partitioned bacilli, the total nitrogen
of the bacterial mass in cultures was determined by the micro-
Kjeldehl method. Preliminary experiments showed this to be a more
sensitive means of estimating relative bacteriel mess then dry weight

determinations or the measurement of the volume of.packed cells.
Procedure

The confirmatory experiments were performed using the same
methods described in the previous section.

The micro-Kjeldahl determinations were performed on cultures
grovn in 30 ml. of Kirchner medium, with and without added growth
factor, conteined in Erlemmeyer flasgks of 125 ml. capacity. The
flasks were plugged with gauze-wrapped cotton and sealed with a
sheet of polyethylene plastic film to prevent evaporation of the
medium during incubation. Tubercle bacilli were oil partitioned,
collected on membrane filters and the latter were transferred to
the medium. The grown cultures were killed by heating in a water

bath at 60 - 62°C for two hours; serum proteins in the medium were
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precipitated at temperatures grea.ter than 65°C., The killed cul-
tures were transferred to 50 ml. centrifuge tubes. The membrane and
walls of the flask were rimsed with distilled water and the washings
were also added to the centrifuge tubes. After centrifugation at
2500 rpm for 30 mirutes the supernatant medium was removed and the
cell mass was washed twice with ammonia-free distilled water, fol-
lowed each time by centrifugation. Determination showed thet the
second wash water contained only insigni:".‘icant traces of mitrogen.
‘I‘he washed cell mass was transferred to digestion flasks and diges-
ted with 3 ml. conc. HyS0, and a trace of catalyst (powdered sele-
nium: potassium sulphate = 1:7). The digest was steam-distilled and
the distillate collected in 12 ml. of N/70 HaS0, 3 N/70 NeOH was

used for back-titration.

Results

The influence of inositol: Suspensions of the HA strain which con-
tained 1000, 300 and 100 bacilli were subjected to oil partition and
seeded in Kirchner medium conteining 500 micrograms inositol per
ml. and in the same medium without inrositol. Table XVIII shows that
inositol has & distinetly favourable influence on the growth of
100 o0il partitiomed bacilli; four of five replicates grew in the
medium containing inositol and only one of five grew in the control.

Its influence is not so marked when the mmber of becillli is greater.



TABLE XVIII

The Influence of Inositol on the Growth
of 0il Partitioned Tubercle Bacilli (HA)

Time* (days) for first growth in

i‘ Number of medium containing:
2 bacilli
- 500 ¥ Inositol/ml No Inositol -
; 1000 155 15.2 ) o - ’;%
: 300 1% 154 o
! 100 17.7" 18t ;
; ‘
! TABLE XIX
:
} - The Influence of Inositol on the Growth
oo of Tubercle Bacilli (500 HA) after Prolonged :
' Exposure to Goconut oil !
Time* (days) for first growth in
Exposure medium containing
, . - (hours) ,
b 500 ¥ Inositol/ml No Inositol
A 2 14.8 16
v 2 a
2 16.6 21.5
1 1
2k 21 19

* The average time required for 9 samples to show visible
growth. Growth of less than 5 samples is indicated by the
superscript.

P R
Loimidan . me rACHAIREAR 2 aiir ma o . -
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A second experiment was performed to determine the effect of
inogitol on the growth of tubercle bacilli demaged by prolonged ex-
posure to coconut oil. The suspensions subjected to oil partition
contained 500 bacilli, and after removal of the aqueous subnatant,
the bacilli were kept in contact with the oil for 2, 7 and 24 hours
before transfer to the culture mediumm. Table XIX shows that ino-
sitol aids the growth of 500 becilli which have been exposed to
cocomt oil for seven hours. It did not restore the viability of
bacilli exposed for 24 hours, however. Bacilli exposed to coconut

oil for two hours appeer to suffer little damage.

| The combined influence of Candida factor end Inositol: A third
experiment tested the influence of inositol and the Candida factor

alone ard in combination. Media were prepared as follows:

A. Kirchner mediwm (control)
B. Kirchner medium + 500 micrograms imositol per ml.
C. Kirchner medium + 5% Candida albicaps filtrate

D. Kirchner medium + 500 Microgrems inositol/ml. + 5%
C. albicans filtrate

Inocula consisted of 500 and 100 oil partitioned bacilli transferred
to the medium immediately after oil partition. The results in Table
XX show that the combination of Candide factor and inositol exerts
a more powerful stimulus on the growth of oil partitioned tubercle

bacilli then either slone, The effect of inositol was not so marked
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TABLE XX
b
i ' ' The Influence of the Candida factor and
i Inositol on the Growth of 0il Partitioned
Tubercle Bacilli

(Time* (days) required for first appearance of growth)
| Medium | Number of bacilli
i % Candida Inositol
- .
! filtrate ¥ per ml. 500 100
{ 0 0 16,2 17.3°
E, - 500 14.6 19LF
f‘ 0 146 18.2"
3
? 5 500 14,2 16.8

R et .

superscripte.

o
b
13
¥

* The average time required for 5 samples to show visible.
growth. Growth of less than 5 saumples is indicated by the

i
Nyt
REC WX
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in this experiment, as growth was obtained in three of five sam-
ples in the control series vhich received the smaller inoculum. In
tests with normal bacilli, the combination of inositol and Candida
factor increassed the growth rate to a slight extent, while either

factor alone had no apperent influence.

Quantitative estimation of bacterisl Ritrogen: .Media were pre-
pared as above, but in volumes of 30 ml. contained in 125 ml.

Erlemmeyer flasks. Suspensions containing 2500 tuberdle bscilli were
subjected to 0il partition and the becilli were kept in contact with
the 0il for 8 hours before implantation. The cultures were exsm-
ined at frequent intervals and growth appeared in all flasks between
the 16th and 21st days of incubation., On the 24th day the cultures
were removed from the incuba)tor, killed by heat and the total bacil-
lary aitrogen determined by the micro-Kjeldahl method. All tests
were done in triplicate. |

Table XXI shows the results of two experiments with inositol
and the Candide factor, singly end in combination. Candide filtrate
in 5% concentration, either alone or with 500 micrograms inositol per ml.
medium enhanced the growth of oil partitioned tubercle bacilli to
& considerable exbent; Inogitol alone had no appreciable effect.
The ratios between the amounts of bacterial nitrogen found in the

various media have been computed from Table XXI and are shown below:
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TABLE XXI

The Amount of Bacterial Nitrogen in Cultures
of O0il Partitioned Tubercle Bacilli

Compos %ion of
Experiment medium mg.nitrogen | mg.nitrogen .
number Medium found per culture ‘
¥/ml. |%Candida (average)
Tnositol|filtrate
0.122
A 0 0 0.122 O.11k4
0.098 '
1
ColLl’O
C 0 5 C.168 0.158
0.166
0.058
A 0 0 0.068 0.063
C.062
2 B 500 0] 0.072 0,067
0.066
O.134%
D 500 5 0.138 0.131
0.120
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Ratios of bacterisl nitrogen in media 4,B,C,D

Experiment  D/A c/A B/A D/B
1 - 1.39 - -
2 2008 - 10 06 1.95

The ratio of bacterial mitrogen in the medium containing 5% Candida
filtrate to that in the control medium was 1.39/1. When inositol and
Candide filtrate were present together, the ratio increased to 2.08/1,
and inositol alone showed no significant effect in stimulating the
growth of oil partitioned tubercle bacilli under the conditions of this

experiment.

Paper chromatography of Candide filtrate: To determine whether or not

the Candida filtrate contalned inositol, the filtrate was examined by
a paper chromatographic method. Specimens of Candida filtrate were
spotted on Whatman #1 chromatographic paper, the largest being 0.16 ml.
in volume. Aqueous solutions of inositol were prepared and spotted
similarly, so that the amounts of inositol deposited on the paper were
1000, 500, 100 end 10 micrograems. The solvent used for development

of the chromatogram was 90% ethanol. The colour reagent used was 5%
mercuric oxide in dilute nitric acid, followed by treatment of the
paper with a mixture of 10% aqueous barium acetate and glacial acetic
acid, as described by Fleury et al. (1953). Inositol was detected in



~123-

all concentrations except 10 micrograms in the controls but not in
the Candida filtrate. If inositol is present in the filtrate, it is
not present in a concentration equal to or greater than 100 micrograms
per 0.16 ml. i.e., 600 micrograms per ml.

It is concluded that the Candida filtrate contains a factor
vhich stimulates the growth of oil partitioned tubercle bacilli, and
px"obably that of normel bacilli. The influez;ce of inositol appears
to be rather complex. It stimulates the development of small numbers
(100 - 300) of bacilli damaged by exposure to oil, but has no ap-
parent influence on the amount of growth which results from culti-
vation of larger mmbers of bacilli. However, it enhances the stimu-
lating effect of Candida factor when incorporated in the medium with

the latter.
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Growth of 0il Partitioned Tubercle Bacilli - In Vivo

In the preceding section it was shown that it is possible to
restore the viability of small nmumbers of tubercle bacilli demaged
by cocomt oil by the incorporation of inositol or the Candida factor
in the culture medium. However, after very prolonged exposure to
cocomut o0il, ‘the bacilli were not assisted by the presence of inositol.
Hawirko (1951) suggested that the damage suffered by the organisms
was not irreperable, as imoculation of relatively smell numbers of
oil partitioned bacilli into guinea pigs rendered them tuberculous; no
growth was obtained from similarly treated bacilli on artificial media.
In order to determine to what extent in vivo conditions may restore
the viability of small mmbers of oil pertitioned tubercle baecilli,
an experiment was performed to compare the effect of in vivo and in

yitro conditions.
Procedure

A group of 24 young adult guinee pigs, weighing about 350
grams each, were selected for the in vivo test. Two groups of 3
guinea pigs received injections of cocomut oil containing 1000 and
100 HA bacilli, respectively, immediately after oil partition from
aqueous suspensions. The injections were made subcutaneously in the
left groin. Two groups of control animals were inoculated in a
similar manner with 1 ml. of saline suspensions which contained the

same rumber of organisms. The remaining groups of animals were
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injected with oil efter 24 and 48 hours, i.e., the bacilli which
they contained had been exposed to the action of the oil for these
periods, before injection. All pigs were sacrificed after three
months and autopsied, as also were pigs which had died before three
months had elapsed. A record was made of the gross appearance of the
orgens of each animal; no cultural tests were performed.

A parallel group of suspehsions were subjected to oil par-
tition, the bacilli were collected on membranes in the ususal manner,
and planted in Kirchner medium without added growth factor. Con-
trol suspensions which contained the same numbers of normal bacilli
were collected on membranes and planted in Kirchner medium. Five

replicates were included in each in vitro test.

Regults

Table XXII, which summarizes the in yitro test, demonstrates
very clearly the lethal action of cocomut 0il for small mumbers of
tubercle bacilli, Only two of five replicate samples of 100 bacilli
showed growth after one hour exposure to cocomut oil. No growth was
obtained after prolonged exposure. The growth rate of oil partitioned
organisms is retarded considerably, as compared to the _controls.

There is & marked difference between the susceptibility to cocomut
oil exhibited by 1000 bacilli and 100 bacilli, This has been ob-

served on numerous other occasions.
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TABLE aAII

The Growth of Tubercle 3acilli inp Vitro After
Prolonged bxposure to Coconut 0il

(Time* (days) reauired for first appearance of growth)

[ T 4

Exposure Nuwber of bacilli %

(hours) — ; 1

1000 100 : .

w~_i g

! 18.2 18.5° i

24 18, 5 x j

48 20,2 x :-

. Controls ' 10.8 13 , &
‘ j
- i

* The average time required for 5 sa iwmles to show visible .
growth. Growth of less tnan 5 samples is indicated by theI
superscrint.

x No growth

§
]
3

=
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Table XXIII shows that prolonged exposure to cocomut oil
prevents tubercle bacilli from establishing disease in the guinea pig.
After 48 hours exposure, the larger inoculum produced slight disease,
i.e. a local lesion, in only one of two animals. No animal showed
symptoms after recelving the smaller inoculum which had been exposed
to oil for 48 hours. However, two of these animals which had received
the smaller inoculum after 24 hours exposure to cocomut oll developed
locel lesions i.e., hard swollen caseous lymph glands at the site of
inoculation. No growth was obtained with the simlilar in vitro series.

It is noteworthy that afier 48 hours exposure to oil, the
larger inoculum caused the development of a local lesion in only one
of two animals. By contrast, growth was obtained in all five cul-
tures in the parallel in vitro series, though the growth rate in the
latter was retarded. In the light of this observation, it is sug-
gested that exposure to cocomut oil may decrease the virulence of the
tubercle bacillus, possibly by a lytic or dissolving action on sur-
face structures of the bacillus which are necessary for virulence.

The progressive diminution in the extent of the disease pro-
cess in guinea pigs with increasing exposure to cocomut oil indicates
that the capacity of tubercle bacilli, thus damaged, to regenerate
is limited. For the successful demonstration of small mmbers of
oil partitiored bacilli by animal inoculation, exposure to oil should

be nminimal.
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TABLE XXIII

The Growth of Tubercle Bacilli jpn vivo after : i
Prolonged Exposure to Cocopgut 04l

G ]

The proportion of animals showing: .i

%ﬁg&igge Generalized Local No symptoms of a
tuberculosis lesion only tuberculosis ¢

1000*[100 1000 [ 100 1000 | 100 :

1 2/2# 2/3 o/2| 1/3 | 0o/2 | 0/3 i

2L 1/3 | 0/3 0/3 | 2/3 2/3 | 1/3 1

48 0/2# 0/3 1/2 | 0/3 1/2 | 3/3
Controls 3/3 | 3/3 0/3 | 0/3 0/3 0/3 i
3 * Number of bacilli '%
# 1 non-specific death 1
1

i
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0il Partition Applied to Tuberculous Sputa

It was demonstrated by Hewirko (1951) that tubercle bacilli
could be isolated from spute by oil partition, but difficulty was
encountered in obtaining cultures from oil partitioned organisms on
menbranes planted on solid media. In this section, the results of
an improved method are described which allows the cultural demonst-
ration of smell mmbers of tubercle bacilli so collected. The es-
sential features of this method are (1) extensive dilution of ‘the
specimen before oil partition; (2) the cultivation of membranes on a
semi-So0lid agar medium and (3) the microscopic demonstration of micro-
colonies on the membrane before they become visible to the naked eye.

Preliminary Experiments

One of the chief difficulties encountered in the application
of oil partition to sputum specimens was the incomplete separation
of the oil and aqueous layers after centrifugation of the emulsion.
This was due, presumably, to reaction between the o0il and elements
of the digest, especially the alksline trisodium phosphate which was
used for decontamination. After centrifugation of such emulsions the
uppermost laeyer consisted of a soapy mass with only very little free
oil. Although it was sometimes possible to demonstrate tubercle
bacilli in the little oil which could be collected, the results were

not consistent, even when the specimen was positive by direct smear.
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In a series of 22 tuberculous sputa#, of which 8 were positive by
direct smear, only 6 gave positive results by oil partition and 10
were positive by cultivation of the centrifuged sediment on Lowen-
stein medium. Microscoplc examination of the soep-like mass men-
tioned ebove showed that it contained mmerous bacilli, which had
apperently been trapped.

Eventually it was found that extensive dilution of the sputum
digest with physiological seline allowed good separation of the emul-
sion upon centrifugation; dilution with distilled water did not give
as good results. The procedure finally adopted, and which proved
successful, was dilution of the digested specimen by 1/10, i.e.,

1/40 of the original specimen. It was not considered practical to
dilute beyond this point.

In view of the well recognized lethal action of the commonly
used digestion egents, an enzymic method was adopted. Decontamination
was effected by four hours exposure to an equal volume of 7.5% tri-
sodium phosphate. The enzyme, an A-amylase preparation from cul-
tures of _B_.;gegen:be.ric_us#_ 7", effected good homogemization of sputum

within 30 - 60 mimtes at 37°C, depending upon the character of the

# Obteined from the Royal Edward Laurentian Hospital, Montreal
through the courtesy of Dr. E. Mankiewicsz.
## Diastafor 'D!, Standard Brands, Inc.
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specimen., Its lytic action was best when dissolved in N/20 NaOH

in a concentration of 1%. The N/20 NaOH was made up in physiological
saline as chloride lons were found to enhence its activity further
(Meyer 1950). It was necessary to prepare the solution immediately
prior to use, as it deteriorated within a few hours.

It was desired to counfine growth of the bacilli to the sur-
face of the membrane, in order that it could be the more readily de-
tected; this necessitated the use of a solid medium. Growth was not
good on membranes placed on either Lowenstein or oleic acid - albumin
agar media., It was fourxd that optimal growth could be obtained on
Kirchner medium made semi-solid by the incorporation of 0.3% agar.
This was the lowest concerrbrat:!.on of ager which would allow the medium
to support the membrane. When a smaller concentration was used, the
membrane gradually submerged. It has been reported that for optimal
growth of the tubercle bacillus on the surface of membranes an atmos-
phere saturated with water vapour is essential (Wayme 1955); this con-
dition is more easily realized by the use of a semi~solid medium than
by the use of a fully solid medium. |

Attempts to stain micro-colonies on membranes by the anmiline
water-fuchsin method of Tietz and Heepe (1950) failed, as decolori-
zation of the membranes proved exceedingly difficult and the exten-
give washing of the membrane resulted in removal of the micro-
colonies. The method described by Wayme (1955) which utilizes a
modification of the neutral red reaction of Dubos and Middlebrook (1948)
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adspted to the staining of tubercle bacilli on membranes was adopted.
This proved successful, as the membranes were readily decolorized by

treatment with sodium carbonate solution.
riments Using the roved Method

As the use of tuberculous sputa in experimental work intro-
duces variables, due principally to variation in the bacillery con-
tent, experiments were performed with non-tuberculous sputa to which
were added knowvn mmbers of bacilli of the HA strain. Only one experi-
ment is reported here, and compares centrifugation end oil partition
for concentration of bacilli with subsequent cultivation on Lowenstein
and Kirchner media, respectively.

In the experiments with tuberculous sputa, which were obtained
from individuals with active disease, & conscious selection of micro-
scopicelly positive specimens waes made. This was‘done in order to
acheive a measure of control in the experiment; this is not possible
with sputa of unknown baclillary content. The number of bacilli the
sputa conteined was assessed by performing counts on direct smears
stained by the Ziehl-Neelsen method. The sputa were then diluted with
non-tuberculous spute and comparisons of the oil partition and con-

ventional methods were made.



Procedures

Treatment of the specimeng: The procedure for treatment of sputa is
detailed below:

(1) About 10 c.c. of sputum was collected in 4 0z. round screw-

capped glass containers.

(i1) To each specimen was added an équal volume of a fresh solution
of 1%+ -amylase prepared as follows: 1 gram of amylase powder
was suspended in 100 ml. of N/20 NeOH prepared in physiolo-
gical saline. This was centrifuged and the clear, amber-

. coloured supernstant was sterilized by Seitz-filtration
(centrifugation and filtration caused mo loss in activity).
The mixture of sputum and enzyme was placed in a 37°C water |
bath for 30 - 60 mimutes and sheken from time to tome. When
the specimen was umsually mucoid, shaking with glass beads

gided the homogenization process considerably.

(111)An equal volume of 7.5% Na3PO, (17.4% NagPO,.12H0) was
added to the digest which was returned to the water bath for

a further four hours.

(iv) One ml. of the decontaminated digest was made wp to 10 ml.
with sterile physiological saline. This represents a 1/40

dilution of the original specimen.,
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(v) Onme ml. of sterile cocomt oil was added to each 10 ml.
of diluted digest and the mixture was shaken mechanically

for 10 minutes.

(vi) The emulsion was transferred aseptically to a centrifuge
tube of 15 ml. capacity and centrifuged for 30 minutes to

separate the oil and aqueous layers of the emulsion.

(vii)The agueous subnatant was withdrawn and discarded. The
residual oil was dissolved in 10 ml. of sterile petroleum
ether and passed through a membrane filter. The membrane
was washed with an additional 2 - 3 ml. of petroleum ether

to remove vestiges of oil.

(viii) The membrane was removed from the filtration apparatus

and transferred aseptically to Kirchner semi-solid medium,

To properly assess the efficiency of the oil partition method
as compared to centrifugation, the specimen was divided into two
equal parts after stage (iii). One part was diluted and subjected
to oil partition, while the other was neutralized with N/I HCL,
centrifuged and the sediment was inoculated on Lowenstein medium.
Thus, treatment of the specimen was the same in each case prior to

oll partition or centrifugation.

Medla: In the experiment with synthetic sputa the Kirchner semi-solid
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and fluid media contained 500 yinositol per ml. In the experiments
with tuberculous sputa, the media conteined 5% Candida filtrate end

500 ¥ inositol per ml.

Detection of microcolonies on membranes: The membranes were stained
according to the method of Wayme (1955) as outlined:
Reagents |
(1) A saturated solution of neutral red’ in 95% ethanol,
filtered and acidified with 1% (v/v) concentrated HCL.
(11) A 1/10 dilution of a saturated aqueous solution of
NapCOg. The dilution was prepared fresh each day.
(i11) 95% ethanol.
Procedure
The membranes were placed, growth surface upwards, on filter
paper pads saturated with the reagents indicated, in the fol-
lowing sequence.
(i) - peutral red: 10 minutes
(11)- Na,C04 : °5 mimites

(1ii)- 95% EtOH : 1 mimute
The membrane was stained red by the dye and became amber on treat-
ment with sodium carbonate. The ethanol removed excess reagents. The
nembrane was transferred to filter paper pads and placed in the in-
cubator to dry. When dry, the membrane was mounted on a slide with

# Nationsl Aniline Division, Allied Chemical and Dye Corp.
N.Y.(Lot # N x 18)
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Permount fluid (Fisher Scientific Co.) under a cover slip. The pre-
paration became transparent by this treatment and was suitable for
microscopic examination under all magnifications.

The bacilli were not killed or fixed before staining; the mem-
branes were transferred directly from the culture flask to the pad

saturated with dye.

sult

Synthetic tuberculous sputa: In this experiment, & comparison was
made of the reletive merits of centrifugation and oil partition and

of Kirchner semi-solid and Kirchmer fluid media for cultivation of
oil partitioned bacilli., A'single cell' suspension of HA in seline
was prepared and 2 ml. wes added to approximately 8 ml. of non tuber-
culous sputa#. No total count was performed, but the suspension
contained approximately 2 - 5§ x Il.O8 bacilli/ml. by visual estimation
of opacity. An equal volume of 1% amylase solution was added to the
spuﬁm and digested for thirty minmutes. A quantity of non tuberculous
gsputum which had not been inoculated with tubercle bacilli was diges-
ted simultaneously. This digest served as the diluent; it wes im-
possible to make dilutions with undigested sputa. Serial 1/10 di-

lutions were made to 1/10,000 of the originel sputum. VWhen the

# Obteined from the Clinical Bacteriology Laboratory, Royel
Victoria Hospital, Montreal
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dilutions were made, an equal volume of 7.5% NagPO 4 solution wes ad-
ded to each and they were returned to the 37°C wamter bath for four
hours. Following decontamination, the digest was divided into three
portions, one of which was used for centrifugation and the remaining
two for oil partition. The latter two portions were diluted to
1/20 of the original volume of sputum with physiological saline be-
fore o0il partition. Membranes from the latter two series were cul-
tivated in Kirchner fluid medium and on Kirchner semi-solid medium.
A1l tests were performed in duplicate and all cultures were examined
daily, Membranes on semi-gsolid medie were removed efter 10 and 14
days and stained. |

Table XXIV shows that oil partition amd cultivation of mem-
branes on the semi-golid medium allowed earliest detection of growth.
Cultivation of membranes in the fluid medium was also superior to
cultivation of centrifuged sediments on Lowenstein medium. The
superiority of the oil partition method in allowing early detection
of growth is especially pronounced in the higher dilutions of the
apecimen, The figures in the second column of the table show the ex-
tent of dilution of the originsl saline suspension of HA as prepared
for oil partition, and the figures in the first column, the corres-
ponding dilutions of the original sputum. One of two 0il partitioned
specimens of the 1/1,000,000 dilution showed growth on the membranes

in semi-golid medium after 14 days of incubation. It is possible
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TABLE XX

X0 TR I

for Concentration of Tubercle Bacilli in

Sputum (Synthetic Sputa)

SR AR Congemy P
R P -

The average time (days) for first

Di%ugion _gg;ggglgg_gi;gggyth _
o
SEUfR | syspension | Lbwenstein| irchner Medla
partition
Fluid {Semi-solid
s t

1 ' 1/100 14 12 10
1/10 "~ 1/1,000 16 1k 14
1/100 1/10,000 20 14,5 14
1/1,000 1/100,000 2045 16.5 14
1/10,000 1/1,ooopoo 25.5 17 1"

i
|
i
z

* only one membrane positive after 14 days.

rl
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that the other membrane would have been positive if incubation had

been continued beyond this time.

Tuberculous sputa: Three microscopically positive sputa from patients
with active tuberculosis were obtained. A direct smear was made,
stained by the Ziehl-Neelsen method and the number of bacilli in 20

fields was counted. The results are shown belows:

Specimen Bacilli/20 fields

#1 15
#2 32
#3 3

The spute were digested and serial 1/10 dilutions were prepared with
non tuberculous sputa which had been digested simultaneously. After
decontamination for four hours with 7.5% RagPO, the specimen dilu-
tions wére divided into two equal portions, one for concentration by
centrifugation and the other for oil partition. The digests were
diluted to 1/40 of the original volume of sputum with physiologival
saline prior to oil partition. The centrifuged sediments were cul-
tivated on Lowenstein medium and the membranes were cultivated on
Kirchner semi-solid medium which contained 500 & inositol per ml.
and 5% Candida filtrate. All tests were done in duplicate. The
cultures were examined every 2 - 3 days and the time at which growth

was first observed was recorded. If ome of two duplicate membranes
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was negative when first examined, the remaining membrene was exemined
only after a further period of incubation which wes usually one week.

The results obtained with this series of tuberculous sputum
specimens are presented in Table XXV. In specimens #2 and #3, oil
partition and cultivation on semi-solid medium was superior to cen-
trifugation and cultivation on Lowenstein medium. Unfortunately,
all the Lowenstein slopes imoculated with specimen #3 were con-
taminated, except for the undiluted sample. This was probably due
t0 gross contamination of the non tuberculous sputa used for making
the dilutions and indicates that four hours exposure to 7.5% NesPO N
is not sufficient to destroy all contaminants in heavily contaminated
sputa. In spite of this, only one of tﬁe ten samples subjected to
oil partition was contaminated, which indicates that there is a degree
of selectivity in the oil partition process. That this is not ab-
solute however, was shown by Hawirko and Murray (1954).

It is likely that the membranes on which had been collected
bacilli from the two lower dilutions of specimen #2 would have been
positive if examined earlier than the twenty-first day. In each case,
colonies approaching 1 mm. in diameter and visible to the neked eye
were observed at this time. The observation was confirmed, however,
by staining of the membrane in the usual manner.

In specimen #1, oil partition failed beyond 1/10 dilution

while centrifugation gave positive results as far as the 1/1,000
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TABLE XXV

Comparison of 0il Partition and Centrifugation for Concentration
bercle Bac S berculous Sputa)

’ ‘ The average time (days) for first detection of growth i
Sputum ' ) -
Sputum dilution Specimen 1 Specimen 2 Spggim?g;3 B
Pilution | for oil :
partition | Centrifug- 011 Centrifug- 0il Centrifug- 0i1
ation* Partition ation Partition ation Partition
1 1/40 28 21 16 14 28 . 21
1/10 1/%00 22 21 16 14 C 21
1/100 1/4 ,000 25 -(21) 2k 1k C -(21)
1/1,000 1/40,000 31 -(28) 23 21 C ~-(28)
1/10,000 1/%00,000 -(42) -(28) 30 21 C 28

* Centrifuged sediments cultivated on LBwenstein medium )
0il partitioned specimens cultivated on membranes on Kirchner semi-solid medium
Brackets indicate last day on which examination was made.

- no growth.

C Contaminated.
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dilution, It is unlikely that incubation beyond 28 days would have
revealed the presence of microcolonies on these membrenes. Only

very rerely hes it been observed, even when using very smell inocula,
that microcolonies will develop if incubated for longer than 21

days. One such instance occurred in this series, however. The mem-
brane on which had been collected bacilli from the highest dilution

. of specimen #3 showed one microcolony after 28 days of incubation,

vhile the duplicate membrane was negative upon exemination after 21 days.

Photographs of microcolonies which had been grown for 14 days
on membrenes after oil partition of the undiluted sample of specimen
#2 and stained by the neutral red method are shown in Figures 11 and
111. The colonies stained red and show the corded appearance which
is regerded as typicel of virulent tubercle bacilli (Bloch 1950).

A comperison of semi-solid medium with and without added
inositol and Candida factor for the cultivation of oil partitioned
bacilli, showed that the microcolonies were visibly larger, though
pot grester in mumber, when the growth factors were included. This
would indicate that the growth rate is enhanced. However, as the
bacilli were not exposed to the extreme conditions used in the pre-
ceding work, it is to be expected that the effect of added growth
factor is less apparent.

It is concluded that oil partition can be successfully

epplied to the cultural demonstration of smell mmbers of tubercle
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bacilli present in sputa. It has also been shown that positive re-
sults mey be more rapidly obtained by oil partition in combinstion

with & microscopic detection method than by conventionel methods.
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FIGURE II

Microcolonies of M. tuberculosis Cultivated
onn Membrane [M1l1Ter Surlace

Stain = NéutPral red % 110
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FIGURE ITII

Microcolony of M. tuberculosis Cultivated
on Membrane Filter Surface

Stain -~ Neutral red % 200
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Addendum

Toward the latter part of this study & new supply of coconut
oil was obteined and was used for oil partition of sputa. This oil
showed less lethel action for small numbers of tubercle bacilli than
the oil used throughout the earlier work, though both batches of oil
were obtained from the same source and carried the same lot number
(Brickman and Co., Montreal, Lot #2538 R). In two trials of the
pewer oil, growth was obtained in all samples of 500 bacilli ex~
posed for seven hours. Inositol in a concentration of 500 micrograms/
ml. haed no apparent effect on growth while the Candida filtrate, in
a concentration of 5%, stimulated the rate of growth to & slight ex~
tent. Increasing the inositol concentration to 5§ mgms/ml. eppeared
to stimulate the rate of growth slightly, but this observation was not
confirmed. Unfortunately, none of the original oil remained and a
direct comparison between the two lots could not be made.

It was noted that the new oil was a very pale yellow colour,
in contrest to the dark yellow of the older oil. The latter had been
purchesed two years previously and it is possible it may have urder-
gone progressive degenerative changes while in use, due to the devel-
opment of rancidity. Whether this is responsible for its greater
lethal action for the tubercle bacilli is not known.

The success in cultivating smell mmbers of tubercle becilli,
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isolated from tuberculous sputa by oil pertition may have been due

in part to the use of the less lethal oil,



DISCUSSION
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DISCUSSION

A discussion of the influence of vegetable oils on the
viability of the tubercle bacillus and the relation between chemi-
cal constitution and degree of lethal action is included in the
second section of the experimental studies. In the fourth section
the relation between chemical constitution, lethal action and the
ability to dissolve the acetone-soluble fat fraction of the tubercle
bacillus is discussed. To summarize these resulis briefly, it was
found that (1) strains of the tubercle bacillus vary in their sus-
goptibility to the lethal action of oilsy this variation is of
degree rather than kind; (2) Cocomut oil, which contains a pre-
dominance of fully seturated triglycerides is less lethal than the
other oils examined, which consist principally of unsaturated tri-
glycerides; (3) there appears to be a positive correlation between
the degree of lethal action exhibited by an oil and its ability to
completely dissolve the acetone~soluble fat of the BCG strain. By
the examination of saturated and unsaturated fatty acids and two
seturated triglycerides this last observation was extended and it
appeared that the ability to dissolve the acetone-soluble fat de-
pexded upon the possession of a free carboxyl group and probably
also of molecules with unsaturated linkages.

Coconut oil, though relatively less lethal than other

0ils, nevertheless exhibited a merked inhibitory action on the
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growth of small mumbers of tubercle bacilli which had been collected
from aqueous suspension by oil pertition. Fewer than 500 bacilli,
as estimated by total count, did not grow consistertly in Kirchner
fluid medium, while as few as 50 normal bacilli gave first evi-
dence of growth in this medium by the fourteenth day of incubation.
Investigations of the effect of added growth factors were carried
out using suspensions containing numbers of bacilli of this order.
In some instances the period of exposure to cocomut oil, after par-
tition, was deliberately prolonged in order to render the test more
sensitive. The method used for estimating the efficacy of added
growth factor, i.e., measurement of the time required for earliest
visible growth, is not without limitations. As turbidimetric
measurements were not possible, however, this method was considered
adequate for preliminary testing. There was some variation, usually
not more than two days, in the time regquired for visible growth to
appear in duplicate samples of oil partitioned bacilli and accor-
dingly, the mmber of replicates in each test was increased to
five. A greater mumber of replicates would undoubtedly have in-
creased the accuracy of the method, but the design of the experi-
ments made it impracticable to use more than five.

The resulis obtained are qualified to some extent by
the fact that 'single cell' suspensions contained only 50% of

viable cells, and also by the fact that the suspensions contained
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very small numbers of organisms. The use of suspensions containing
greater mmbers of bacilli was considered, but there appeared to
be a remarkable disparity between the susceptibility of 1000
bacilli and half that mmber to the action of cocomut oil (see
Tables XIX and XXII). In spite of the fact that relatively small
mugbers would possibly introduce a considerable sampling error, the
results obtained by the use of five replicates and careful adherence
to a standerd procedure gave results which were reproducible to a
satisfactory degree.

It was found that inositol and the Candida albicans fil-

trate were able to assist the growth of oil partitioned bacilli,
though they manifested their effects in a different manner,
Inositol gppeared to assist only extremely small nmumbers of oil
partitioned bacilli or slightly larger numbers which had been ex-
posed to oil for a long period. Its effect was manifested by the
occurrence of growth in all replicate samples of tests in which the
control medium allowed growth of less than two samples. It did not

appear to have any effect on the growth rate of the culture; it

gimply essured growth of small nmumbers of oil-damaged bacilli.

Upon extreme exposure to cocomut oil, small mumbers of tubercle
bacilli are no longer assisted by the presence of inositol in the
medium. Later studies with larger mmbers of oil partitioned bacilli

showed that inositol had no influence on these.




~151-

It is impossible to draw conclusions with regard to the action
of inositol, but it is suggested on the basis of these findings that
it substitutes for a factor vwhich is limiting when the mmber of
bacilli of lowered vitality is small. Inositol very likely plays
a part in the metabolism of the bacillus as it has been isolated
from the phosphatide and polysaccheride fractions and from culture
filtrates of the tubercle bacillus.

Though inositol alone had no influence on the growth of lar-
ger mumbers of o0il partitioned bacilli, as determined by estimetion
of the total bacterial nitrogen in cultures, it exerted a pronounced
synergistic action when combined with the Candida factor. The sy-
nergism displayed by inositol with other vitamins of the B group has
been described before (Fleury and Balatre, 1947).

That the influence of the Candida filtrate was not due to
inositol elaborated by the yeast and released into the medium was
indicated by its different action. By paper chromatography, it
was confirmed that the Candida filtrate did not contein inmositol in
a concentration which would be effective in stimulating the growth
of oil-~-damaged bacilli.

The combination of Candida factor and inositol had a slight
enhancing effect on the growth of normal tubercle bacilli, but this
wes not as pronounced as the stimulus provided oil partitioned bac-
il11i. Quantitative experiments should be carried out to confirm

this.
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Of the other water soluble vitaminé, only calcium panto-
thenate in a concentration of 500 micrograms/ml showed a stimula-
tory effect on the growth of oil partitioned tubercle bacilli.
Pyridoxine in a concentration of 50 micrograms/ml caused a definite
inhibition of growth of both normal and oil-demaged bacilli. This
probably represents & toxic reaction due to excess of the factor.

The finding that menadione diphosphate allowed growth of
oil partitioned tubercle becilli in a concentration of 10 micro-
grams/ml and of normal bacilli in concentrations up to 100 micro-
grams/ml is not in agreement with the findings of others; concen-
trations of this order in Tween - albumin medium have generally
been shown to be tuberculostatic. The discrepancy is most likely
caused by the use of a medium in these studies without Tween 80,
which has a potentiating effect on the action of bacteriostatic
substances.

d(-) Arebinose, which occurs only rarely in nature, is found
in a polysaccharide fraction of the tubercle bacillus. Experiments
showed that it was not as good a carbon source as glycerin. The
presence of glycerin and d(-) arabinose together in the medium de-
layed growth of both normel and oil partitioned tubercle bacilli.
Whether the bacilli were utilizing d(-) erabinose as a carbon source
or using some other material present in the serum was not deter-

mined. It would be informative to know this, especially as it has
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not been reported before that d(-) arabinose can support the growth
of tubercle bacilli,

Francis et al. (1953) suggested that mycobactin, which they
isolated from acetons extracts of M.phlei, was an essential mete~
bolite for all members of the genus Mycobacterium. This materiel
looked promiging as it is one of the few lipid-soluble microbial
growth factors which have been described; it has been postulated
earlier that the lethal or inhibitory action of oils for the tuber-
cle bacillus is caused by the removel of an essential 1lipid mete-
bolite. Though the acetore extract of M.phlei as prepared in this
laboratory contained a factor which stimulated the growth of M.
johnei,it had no influence on the growth of tubercle becilli dam-
aged by exposure to oil. However, only one test was performed and
it is suggested that further studies of this umusual growth factor
are needed.

It wes possible to produce tuberculous disease in guinea
pigs by injection of oil partitioned tubercle bacilli, if the bac-
111i hed not been exposed to oil for too long & time. Exposure for
2/, hours or longer caused serious damage as indicated by in vivo
testing. In vitro, the larger inoculum was able to proliferate
even after 48 hours exposure, though there was a delay in the time
required for the first appearance of growth. It has been reported

that repeated injections of certain oils retard the development of
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the tuberculous process in guinea pigs, presumebly by bringing about
an alteration in the response of the host tissues to infection. It

is unlikely that a single injection of cocomuat o0il, as used in this

study for the introduction of oil partitioned tubercle bacilli into

the host, would have any influence of this sort.

It is more likely that a material essentiel for virulence
is removed by exposure of the bacilli to the oil. Bloch (1950) has
shown that 'cord! factor which is apparently necessary for viru-
lence can be easily extracted from living cells by petroleum ether
without impairment to their viability. From the results of the ex-
periments reported in this study, it would appear that components
of the tubercle bacillus which are necessary for the expression of
virulence are more susceptible to the action of cocomut oil than
those necessary for viability.

It has been demonstrated that it is possible to isolate in
pure culture relatively small numbers of tubercle bacilli which
have been collected from tuberculous sputa by oil partition. Fur-
ther, results mey be obtained more rapidly by the oil partition-
culture method which is described, than by conventional methods.
Essential features of the method are (1) the use of a semi-solid
mediﬁm to allow optimal development of tubercle bacilli on the
surfaces of membrane filters and (2) the microscopic detection of
growth before it becomes visible to the nsked eye. In this study,

the presence on membranes of corded microcolonies which bind neutral
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red was taken as evidence that the culture was one of M. tuber-
culosis. OSaprophytic acid-fast bacteria mey also show the pro-
perties of cord formation.or the gbility to bind neutral red, or
both; hence, these criteria are not absolute for the identification

of virulent M. tuberculosis. However, the use of this staining

method is justified by the fact that it allows more repid detec-
tion of growth, ard confirmatory evidence in doubtful cases may be
acquired by further examination of membrane filter cultures.

The inclusion of inositol and the Candide factor in the medium
for cultivation of tubercle bacilli isolated from spute by oil par-
tition did not show any apparent beneficial effect except that it
brought about an increase ih colony size. However, the results
shown in Table XXI justify the use of these factors. Fabrikant
(1956), in this laboratory, has reported that stimulation of growth
is brought about by the inclusion of Candida factor in the medium
uged for slide culture of M. tuberculosis. She also concluded that
careful examination of the arrangement of bacilli within miero-
colonies of acid-fast organisms is the most reliable in vitro
method of .establishing virulence.

Indications were obtained from the earlier experimental
studies that the lethal action of vegetable oils for the tubercle
bacillus is related to their triglyceride constitution. However, it

would be fallacious to draw definite conclusions of this sort, as




~156-

vegetable oils contain a multiplicity of other compounds which are
most probably not inert. It is suggested that further studies of
the factors required for cultivation of oil partitioned tubercle
becilli be underteken with pure triglycerides, in order to eliminate
the possible influence of other materials which vegetable oilé con-
tain., Only in this way is it possible to draw definite conclusions
relating chemical constitution to effect on viebility. The demon-
stration that inositol and the Candida factor assist the growth of
0il partitioned tubercle bacilli indicates that such studies would
produce informaetion regarding essentiel factors which these defi-

cient orgenisms lack.
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SUMIARY

A method for the preparation of 'single cell' suspensions
of tubercle bacilli is described. |

An investigation of vegetable and mineral oils revealed
that all had a deleterious influence on the viability of the tubercle
bacillus, though to different degrees. Coconmut oil and liquid pare-
ffin were least inhibitory. Differences existed in the susceptibilities
of three strains of tubercle bacilli to the action of oils; these were
differences of degree only., All organic solvents exerted a marked
lethal action.

Cocomut 0il was selected for experiments with oil partition
as it was shown to be more efficient than either liquid paraffin or
petroleum ether. Though cocomut oil was relatively less lethal than
other oils, it displayed a marked inhibitory action on the viability
of small mmbers of tubercle bacilli.

Tuberculo~lipid fractions were extracted from dried cells of
the BCG strain and incorporated in cocomubt oil in an attempt to re-
duce its lethal action. Only the phosphatide fraction had any inf-
luence, and that to a slight degree. However, oil partition with
cocomt oil-phosphatide mixtures was impractical for technical
reasons. Incorporation of these fractions in Lowenstein medium
had no favourable influence on the growth of oil partitioned or

normal tubercle bacilli. On the other hand, the acetone-soluble
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fat fraction was shown to inhibit the growth of oil partitioned tuber-
¢le bacilli completely and to retard the growth of normal bacilli.

There appeared to be & positive correlatioh between the lethal
action of an o0il and its ability to dissolve the acetone-soluble fat
fraction of the BCG bacillus.

Kirchrer's fluid semi-synthetic medium was superior to Lowenstein
medium for the cultivation of oil partitioned tubercle bacilli. The
fluid medium was used in &ll subsequent studies as such, or was made
semi-solid by the addition of 0.3% agar. |

4 survey wes made of various recognized microbial growth
factors and other substances in a search for a material which could
assist the metebolism and growth of small numbers of tubercle bacilli
damaged by the process of oil partition. It was found that inositol
in a concentration of 500 midrozrams/ml of medium and the filtrate
of a Candida albicans culture in a concentration of 5% could assist
the growth of small numbers of bacilli daemaged by oil.

Detailed studies revealed that inositol assisted the growth
only of extremely small mumbers of oil demaged bacilli and it ap~
peared to be substituting for a limiting factor which these bacilli
lack. The Candida factor stimulated the growth rate of oil parti-
tioned bacilli. An interesting finding was that inositol exerted a
pronounced synergistic action when combined with the Cendide factor.

Peper chrometograephy of the Candida filtrate showed that it did not
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contain inositol in a proportion which would be effective in assis-
ting the growth of small mmbers of oil pariitioned tubercle bacilli.

Animel end culture experiments carried out in parallel in-
dicated that the virulence of the tubercle bacillus for the guinea
pig was more severely damaged by prolonged exposure to cocomt oil
than viability.

An improved method has been developed for the culturel demon—
stration of M. ituberculosis on membrane filters after collection from
tuberculous sputa by oil partition. The essential features of the
method include the use of semi-solid Kirchner medium and a micro-

scopic method for detection of growth.
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CONTRIBUTION TO KNOWLEDGE

An improved method has been developed and described for the
cultural demonstration éf small mmbers of tubercle bacilli collected
from tuberculous spute by the oil partition method. The essential
features of the method include the use of semi-solid Kirchner medium
for the cultivation of the bacilli on the surfaces of molecular
filter membranes and microscopic examination of these for more rapid
detection of growth.

It has been shown that in Kirchner fluid medium inositol and
Candida factor have a synergistic effect on the growth of tubercle

bacilli damaged by exposure to coconut oil.
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APPENDIX A

Formulee and Methods for Preparation of Media

1., Lowenstein {Jensen) Medium

Starch-salt solutions

Potassium phosphate (acidic) 2.4 gms
Magnesium sulphate (hydrated) 0.2, gms
Magnesium citrate 0.6 gms
Asparagine 3.6 gms
Glycerin 12.0 cc.
Distilled water 600 cc.
Potato starch 30 gns
Homogenlzed whole egg 1000 cc.
2% Malachite green solution 20 cc,

The salts are dissolved, the potato starch added and the mix-
ture autoclaved at 120°C for 30 minutes.

Fresh egegs ere washed in soep solution and are then placed in
running cold water until the water becomes clear. They are broken
into atetérile: flask, homogenized by shaking and filtered through
sterile gauze. The homogenized whole egg is added to the starch-
salt solutior and the malachite green is added. After thorough
mixing, the medivm is dispensed by means of a sterile aspirator
bottle with a funnel and bell attachment, Five ml. of medium are dis-~
pensed in 1 oz. flint gless square bottles with rubber lined screw-
caps and inspissated at 85°C for forty minutes on each of two con-

secutive days. The medium is checked for sterility before use.
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2, Dubos Tween-slbumin fluid medium

Basal mediums

KH2P04 1.0 gm
Asparagine 1.0 gn.

This is dissolved by heating and made up to 950 ml. with dis-

tilled water. When dissolved, the following ingredients are added:

Bacto~-casitone 1.0 gm.
Ferric ammonium citrate 0.05 gnm.
MgS0,,, 7H,0 0.01 ga.
(1 cc of & 1% aqueous solution)
CaClo 0.0005 gm,
(1 cc of a 0.05% agueous
solution)
2uS0, 0.0001_gn.
(1 cc of a 0.01% aqueous
solution)
CusS0y, 0.0001 gun.
(1 cc of a 0.01% aqueous
solution)

The pH is adjusted to 6.8 with N/I HCL and brom-cresol pur-

ple and the medium is autoclaved at 110°C for 20 minutes in 90ce lots.

Bovine Albumin:

A 5% bovine albumin fraction V solution (Armour Laboratories,
Chicago) is prepared in 2% NaCL solut.ion, sterilized by Seitz fil-
tration and heated to 56%C for 30 minutes to inective lipase. Pre-
paring the solution in 2% NaCL prevents precipitetion of the protein

on heating.
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Tween 80:
This is prepared in 10% aqueous solution and sterilized by
autoclaving.
Glucose:
‘This is prepared in 50% aqueous solution and sterilized by

autoclaving.

All four constituents are prepared separately and combined

prior to use as follows:

Basal medium 90 cc
5% bovipe albumin solution 10 cc
10% Tween 80 solution 0.5 cc
50% glucose solution 1.0 ce

The complete medium is dispensed in 5 cc volumes in screw-
capped test tubes 15 mm. in diameter or in 1 oz. screw-capped
square bottles.
3. _Kirchner Semi-synthetic medium

This is prepared according to the directions provided by Reed
(1953).
(2) Fluid Medium:

NaoHPO, , 12H,0 3 eus
KHpPO, 4 gus
MgS0,, 7H20 0.6 gn
Sodium citrate 2.5 gnms
Aspersgine 5 gus

Glycerin 20 ml
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(2) Fluid Medium:
Distilled water to 1000 ml

The reaction is adjusted to H7.2 with phenol red and N1
NeOH. The medium is dispensed in 90 ml.lots and autoclaved at 120°
for 20 mimites. Prior to use 10 ml of fresh humen serum sterilized
by Seitz filtration is added to 90 ml. of the basal medium. The
complete medium is dispensed in 1l oz. square bottles each container

receiving 5 ml.

(b) Semi-solid medium:

To each 90 ml. of basel medium is added 0.33 gm. of Bacto-
ager; this is sterilized by eutoclaving, Human serum is added in
the seme concentration as in the fluid medium.

The final concentration of agar is 0.3%.
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APPENDIX B

Lipid extracts of BCG

1.  Preparation
Two litres of fully grown cultures of the BCG strain in

Sauton's medium were killed by steaming at 100°C for one hour. The
killed cultures were filtered to separate the bacillary mess from the
medium, washed with water, packed in Soxhlet thimbles and dried by
lyphilization. The dried material was extracted in a Soxhlet ap-
paratus for two days with diethyl ether, after the method of
Anderson (1927). The etheresl extracts were combined, concentrated
to small volume and Seitz-filtered to remove bacterial cells. Con-
centration of the etheresl extract to dryness under reduced pressure
left the crude extract. This represented about 15% of the original
dry weight of the bacilli. A portion of the crude extract was taken
up in ether and mixed with an equal volume of cold acetone, where-
upon & white precipitate formed. Further cooling in an ice bath
increased the volume of the precipitate which was allowed to settle
and the supernatent was decanted. The precipitate was & white gummy
material and corresponds to Anderson's fraction A-3 (phbsphatide)
mixed with low-melting wax, On eveporation of the acetone in the
supernatant to dryness the acetone-soluble fat remeined. Attempts
to separate the gummy precipitate into its fractions by precipi-

tation from cold ethereasl solution by acetone failed. However, on
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taking the precipitate up in acetone and heating to 40°C, a yellow
01l separasted and collected at the bottom of the besker. The layers
wvere separated in a separstory funnel and on cooling to room tem—
perature, the oil hardened to & greyish soft wex. The acetone layer
was cooled and the precipitate settled out. This was taken wp in
e'‘ther and reprecipitated several times with acetone in the cold,

The final product, representing Anderson's A-3 fraction, was a pure
white powder.

2. Lovenstein medium containing lipid fractions

Lowenstein (Jensen) medium was prepared without glycerin.
0.5 gms. of the crude extract and each of its three fractions were
mixed with 0.75 c.c. glycerin and dissolved by heating to 45 - 50°C.
4425 ml. of distilled water, heated to 50°C, was added to each
glycerin-lipid mixture, whereupon an emulsion was formed. The whole
contents of each tube were transferred to flasks which contained 95
ml. of fluld Lowenstein medium (without glycerin) heated to 45°C.
The flasks were agitated vigorously to distribute the material, and
the medium was dispensed in square flint-glass bottles of 1 oz.
capacity, or in 5 cm. Petri dishes, and inspissated at 85% on each

of two consecutive days.
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APPENDIX C

Accessory Growth Factors

Biotin (crystalline) Nutritional Biochemicals Corp.,Lot #8731

Calcium pantothenate (dextrorotatory) Nutritional Biochemical
Corp., Lot #9205

Pyridoxine hydrocholoride Nutritionel Biochemicsl Corp.
p-Aminobenzoic acid Eastman Kodek Co.
meso-Inositol  Difco Laboratories, Inc. Lot #411582

Thiamin hydrochloride Merck and Co., Ltd., Lot #35044

dl -o~ Tocopherol acetate Hoffman-Laroche Ltd., Lot #15

Phthiocol Nutritionsl Biochemical Corp., Lot #4917

Vitamin K diphosphate Hoffman-Laroche Ltd., Lot #107R

(2~methyl-1,4~naphthohydroquinone diphosphoric acid ester tet-
ragodium salt)

Sodium acetate (A.R.) British Drug Houses, Ltd.

Oleic acid Nutritional Biochemical Corp. Lot #3653

Linoleic acid Hoffman-Laroche, Ltd., Lot #10205

d(-) Arabinose British Drug Houses, Ltd., Lot #09722
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APPENDIX D

The Preperation of an Acetone Extract of M,phlei
M. phlei was grown in 4 litres of beef heart infusion broth

vwhich contained 10% glycerin and /% Bacto-Peptone (Francis et al.
1953), After two weeks incubation at 37°C the cell mass was harves-
ted by centrifugation, washed with distilled water and dried by lyo-
philization. The yield was 1.8 grams (dry weight). The dried cells
were extracted twice with 60 ml. acetone under reflux. The extracts
were pooled, Seitz filtered to remove becterial debris and concen-
trated to a volume of 15 ml. by vecuum distillation. The resulting
clear, dark yellow solution was used as such.

When incorporated in Long's synthetic asger in concentrations
of 1/80 - 1/1280 it stimulated more rapid growth of a strain of M.
Johrei (strain 11, Animel Diseases Research Institute, Hull, P.Q.)
than Long's agar with no extract. It had about the same degree of
activity in promoting the growth of M. _johnei as whole dried M.phlei

cells added to the medium in 1% concentration.
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