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A METHOD FOR THE RAPID ISOLATION
OF
MYCOBACTERIUM TUBERCULOSIS
I

Introduction

A, Introduction to the Problem

The demonstration of the tubercle bacillus by
Robert Koch in 1882, as the etiological agent of tuberculosis
led fo developments in technique for the isolation of the
bacilli from suspected material, Because of the scarcity
of organisms in some specimens, concentration methods were
devised to give a more delicate demonstration of the bacilli
than was possible by direct smear or culture., The increasing
importance of bacteriological methods for diagnosis in many
cases of suspected tuberculosis has given a stimulus to the
study of such prdcedures;\ In spite of the voluminous literature
that has been published there is still a need for a more
satisfactory methéd for the demonstration of the presenge of
the tubercle bacilli in pathological specimens. The l
development of nutritive media has made great progress since
the time of Koch, but there still remains much to be desired
from the point of fiéw of time required for the appearance of
colonies and the initiation of growth from minimal inocula.

A concentration method based on the flotation
principle of Lange and Nitsche (1909) utilizing 511 as the
agent, and the medium described by Dubos (1945), using Tween
and albumin were investigated for this problem, with the view

of achieving a more satisfactory method for the demonstration

of the tubercle bacillus,



Bs Historical

Thberculosis is a disease which antidates history.
Important data accumulated during the twentieth century by
Wood James, Eliot Smith, Armand Ruffles and others has
revealed that tuberculosis wes prevalent among the ancient
Egyptians and the Pharoahs 6000 years ago. Psoas abscesses
and tuberculous osteomyelitis have been found in Egyptian
mummies (Ruffer) dating from the eleventh to the twenty
first dynasty.

The first account of the disease is found in the
Laws of Manu of India dating back to 1300 B.,C. Puccinatti,
in his history of medicine tells us, according to these laws
pulmonary consumption was considered to be an unclean and
incurable disease, Aristotle believed that the disease was
contagious., Hippocrates regarded it as a suppurative process
of the lungses This concept was held by Areteus end Celsus
who described its clinical phases. Galen considered it to be
an ulcerative process and recommended a dry climate,

In the middle ages, Fracastorius (1478-1553)
arrived at some remarkably accurate conclusions concerning the
infectious nature of tuberculosis and its modes of transmission,.

Not until the middle of the seventeenth century when
the importence of anatomy first gained recognition and frequent
.autopsies were made did the knowledge of tuberculosis make
any notable advance, Nodules were discovered in the lung and
the genetic relationship betwegn these and pulmonary phthisis

was first maintained by Sylvuus (1614-1672), He first used the
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term tubercles ( tubercula minora vel majora ) to indicate the
appearance Qf lesions found in the lungs of consumptives.,

Morgagni (1682-1771) refused to do autopsies on
consumptives because he considered the disease to be very
contagious. ©So strongly did he and his teacher Valsova
impress their teachings on the people of Italy, that
isolation and segregation of tuberculous individuals were
brought about. Thus for the first time in the history of
medicine the disease was notifiable to the state.

Bayle (1774~1816) was the creator of the modern
concept of tuberculosis as a morbid process., His work, not
qui te complete, was advanced through the masterly observation
of his friend Laennec., Lsenneec (i781-1826) a distinguished and
important internist of the early French school, was the first
to describe the anatomical tubercle, He held the opinion that
the tubercle is really a diseese and that consumption is tubercle
of the lungs; that, whenever tubercles occur, the disease is
tuberculosis. Thereby he unified many conditions previously
believed to be dirfereﬁt. He described some of the macroscopic
aspects of tuberculous lesions, stating that the lesions can
occur both as isolated "follicular" (miliary tubercles) and as
"infiltrative"” forms (exudative tubercles). Laennec is justly
regarded as a great pioneer in the history of tuberculosis and
his description of the appearance and cause of the tuberculous
process has become classic, His doctrines, revolutionary as

they were for the time became the source of an enormous amount
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of controversy but proved in the end to be correct.

Vichow (1850) directed attentiﬁn to the pathognomic
sign of the tubercle but regarded casestion as a non specific
process. Experimental proof as to the etiology of
tuberculosis was first successfully demonstreted by Klencke
(1843)5 He infected rabbits with tuberculosis tissue and
produced the disease by intravenous inoculation. His work
while taking priority over that of Villemin, did not maske an
impression and remeined without influence on the knowledge
of the etiology of tuberculosis. J. A. Villemin (1827-1892)
made his first important communication in 1865 on the cause
and nature of tuberculosis and its inoculation from man to
rabbit. His iﬁgenious and broadly conceived experiments had
a far reaching result and raised a storm in the medical
world at the time of‘their publication. He inoculated rabdbits
with bus téken from tubercles of phthiscel individuals and
found that they regularly developed tubercles in the lungs.
This brought him to the conclusion that phthisis was a specific
disease, virulent in type and produced by an inoculable agent.
His work was confirmed by Cohnheim and Salmonsen (1877). With
these investications, the belief in a specific virus for
tuberculosis grew and a search for the specific agent began,

It was reserved for Robert Koch to bring the problem
of the nature of tuberculosis to a final solution. On the 24th
of March 1882, before the Physiological Society in Berlin, Robert
Koch announced his discovery of the tubercle bacillus. In that

epoch making communicetion he emphasized the long period
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reguired for the tubercle colonies to become visible in
contrast to the day or two rezuired for colony formation of
other orgzanisms recognized a2t thet time,

Koch succeeded in cultivating the tubercle bacillus
when he epplied coagulated serum media devised by John
Tyndall, en English physicist. On the sixteenth day on the
surface of the tubes he noticed many pin point white specks
which under the magnifying glass appeared to be dry and
wrinkled masses., The essential features of Koch's original
publication were: proof of the constant presence of the
Vbacillus, its isolation in pure cultures and the production
of tubercles by the application of these pure cultures to
the bodies of healthy animals., This classical demonstration
was fortified and absolutely corroborated by numerous control
experiments which were everywhere instituted. Koch's
discovery waé at once confirmed all over the world and it
stampéd him as one of the great investigators of his time.
The question of the etiology of tuberculosis was finally
settled; tuberculosis was classfied among the infectious
diseases and the tubercle bacillus was recognized as the sole
cause of the disease.

The discovery of the tubercle bacillus was only made
possible beceuse Koch developed a metaod to stain it in the
tissues and in other tuberculous meterial. He used an
elkaline methylene blue which penetrated into the bacillus. An

improved stain was devised immediately by Ehrlich (1882) and
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was accepted by Koch as superior to his own. Ehrlich applied

the fundamental acid fast property of the tubercle bacillus,
staining it with basic dyes in the presence of aniline oil

which retained the stain after treatment with strong nitric

acide The method currently useéed was adapted by Ziehl (1857-1926)
who used carbolic acid instead of aniline o0il and modified by
Neelsen (1854-1894) with sulphuric acid and carbol fuchsin.

‘The whole merit of staining the tubercle bacilli as used

today is however due to Ehrlich.

The isolation and cultivation of the tubercle bacillus
was repeated by others., It was a very slow procedure and by
the time the growth appeared the medium on which the
inoculation was made, dried out completely and becamé useless.,

To overcomse this Nbcard (1885) added a small amount of glycerine
to the culture medium. It proved to be Ane of the most important
accessory substances ever introduced‘in bacteriology. In the
serum media to which he had added the glycerine he noticed the
growth was profuse, while in the tubes without glycerine, the
growth was scanty,

Nocard and Roux were probably the firast to use
glycerin beef broth to cultivate the organism., The introduction
of this medium proved very useful later in the study of the
metabolism of the tubercle bacillus., The successful cultivation
on fluid media depends chiefly on the propagation of the
organism on the surface of the fluid used., This was accomplished
by floating the inoculum on the surface.

Pawlowsky (1888) introduced the glycerinated potato.
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Dorset introduced the egg medium which is unguestionably
the most reliable and easy to prepare. Long and Seibert
(1928) deseribed a synthefic medium which has been used
to great advantage in the study of the chemistry of the
tubercle bacillus,

' There have been many improvements in the use of
- new media., Their principal ingredient is usually egg,
(Petroff 1913 and Hohn 1926) or potato (Lowenstein 1931
and Corper 1928). Some authors find benefit in the addition
of milk (Petragnani 1926), cream (Sweany 1928) or hematin
(Hohn 1926), . Petroff (1915) introduced the use of the
property of bacteriostatic dyes to inhibit contaminants
put in a2t the inoculation of the media, Petroff (1l915)
recommended gentian violet, Corper (1928) crystal violet
and Petragnani (1926) malachite green. A most notable
advence was made recently by Dubos (1945) with the
description of en albumin tween liquid medium designed to
produce submerged and diffuse growth of the tubercle bacillus.

The outstanding advantage of the cultural method
as compared to animal inoculation is that less time is
reqguired for diagnosis. The principal advantage of the
animal experiment is that it provides at the same time a
virulence.test of the bacilli,

Theobald Smith (1896) gave proof that the
etiological agent of bovine tuberculosis was different
from that of human tuberculosis. Rivalta (1899) and
Maffuei (1890) discovered the related organism of avian

tuberculosis.
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C. A Review of Concentration Methods

The isolation of the tubercle bacilli from sputunm
or other conteminated material was for a long time one of
the most difficult problems in bacteriology. Investigations
were carried out to find a material which would have a
maximum bactericidal or bacteriostatic effect on contaminants,
a decided lytic effect on mucus, pus and protein and a
minimum devitalizing effect on the tubercle bacilli.

Historically the first attempt was made by Biedert
{1886, 1887, 1891) on the concentrating of specimens. He
advoceted boiling the sputum with a liberal amount of 0.2
per cent solution of sodium hydroxide. this procedure was
obviously unsuitable. The laborious washing method of
Kitasato (1892) which yielded very inconsistent results is
now only of historical interest. XMuhlhasuser and Czaplewski
{1891) reported encouraging results with a modification of
Biedert's original method. They used sodium hydroiide for
digéstion followed by neutralization and centrifugation of
the mixture and the exemination of the sediment. Uhlenhuth
and Xylander (1908) were the first to study the bactericidal
property of antiformin end apply it to the sedimenting of
the tubercle bacillus from the sputum and urine. They found
that entiformin destroyed the contaminating organisms but
left the tubercle bacilli intact. Other organic material
such as cells were disintegrated. ith their description of

antiformin for this purpose the search for an ideal concentration
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materiai begén and has continued to the present day. The first
1mpoftant improvement was the antiformin modification by
Griffith (1914) and the second was the description of the
modified sodium hydroxide procedure by Petroff (1315).

Tﬁe principal features sought in a concentration
method ere, maximum recover& of organisms, ease of operation
and speed.of performance. Most reagents were laﬁded because
of their solvent effect upon tissues, sputum or pus., This
very fact however made them a possible destructive agent
injuriously affecting small numbers of tubercle bacilli., The
isolation of the bacilli from contaminated materisl presents
meny difficulties. Steenken and Smith (1938) asserted that
it was more profitable to cut down the growth of secondary
contaminators by a proper digesting fluid than by the addition
of a bacteriostatic substance such as gentian violet to the
medium. Stanley Griffith (1914) made a study of the time
factor relatidnship on concentration by digestion. He
concluded that there is no standard fixed time since it depended
on the constitution of the specimen. Other factors necessary
for a successful method are that the final maferial should be

available for examination.

(1) Methods Suitable for Direct Zxaminédtion

These methods are notﬁapplicable to specimens to be
cultured or to be used for guines pigkinoculation since most
of the tubercle bécilli_are killed By the treatment. However,

they contribute to the advantage of giving immediate results,
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There are two avenues of approach: (&) digestion (b) flotation

(a) DIGESTION is essentially the digestion of the proteins in
the specimen. It is necessarily accompanied by the destruction,
of the histology of the specimen.

1. TERGITOL was described for this purpose by Petroff and
Schain (1938). Tergitols are sodium secondafy aloohols.
Tergitoi penetrant 08 is a sodium octyl sulphate and produces

a2 marked reduction in surface tension; which factor is the

key to a mére complete concentrationa‘ It is a stable organic
solvent which is a good digestor of bathological fluid.‘
Tergitols are powerful, wetting, penetrant and introfying
compounds which affect the sﬁrface activity of water solutions
and are potent surface tenéion depressors., This method gave

a short digestion fime, a small sediment and & high concentration,
The addition of tergitol to sodium hydroxide did not enhance

the action of the latter upon the sputum or tenacious material

to be digested. More recently Schain, Magdalin and Russo

(1948) advocated Tergitol Javelle water (40 grams chlorinated
lime to 600 grams of sodium carbonate dissolved in 4000 cc of
distilled water). Superiority using this method resulted from

a8 greater degrée of sputum solution with consequent concentration
of organisms, & more even distribution of bacilli in the
sedimént and the fact that the reagent does not alter the
capacity of the acid fast organisms to retain the fuchsin stain,.
2. CLOROX was used as a digestant by Oliver and Reusser (1942).

It demonstrated digesting properties which were even greater
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than the tergitol sodium hydroxide mixture. The active
agent was 5.25 pef cent sodium hypochlorite and in this

is similar %to antiformin. it was very rapid, digéstion
being completed within two minutes.‘ It required no
neutralization or fixation to the slide. The mycobacteria
were killed during digestion. It was simpler, more rapid
and more sensiﬁive than direct smear or sodium hydroxide
methods. Among its disadvantages were incomplete digestion
of sputa, snd alteration of the capacity of the organism to
retain the sfain. As a method it was a satisfactory aid to
diagnosis.

3e BROINMINE was‘adviséd by Gaekel (1919) who used Rice's

‘Bromine and Alkali reagent.

(v) FLQTATIOins a method to facilitate the separation of
the organisms from the digested specimen. The bacilli were
extracted from the material by means of a suitable solvent.
Volatile hydrocarbons were employed and almost always were
preceded by digestion treatment. Kinyoun (1915) believed the
mode of action was due to the hydrocarbon combining with the
waxy envelope of the bacillus making it lighter and lubricating
it. He also thought the hydrocarbon caused the bacilli to
¢lump, which he considered an advantage;, On the other hand
Pottenger (1922) noting that the hydrocarbons used were fat
solvents, attributed the action to be dge to the resolution
of the bacillary clumps by lipoid solvents. Reed and Rice

(1931) made a thorough investigation and found the same
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separation of the organisms from & suspension with oils as
with the volati;e hydrocarboné. »They attributed the action
to be due to the presence on the surface of acid fast
bacilli of mixtures of fatty substances which prevent their
being wetted by water and allow them to be wetted by the

non polar oils and hydrocarbons.

Hydrocarbons used for this purpose in order of their description:

l. ETHER was employed by Couratte~-Arnaude (1903) utilizing

the fundamental principles of this method. It was of little

value, |

2. LIGROIN a petrol ether mixture was employed by Lange

aﬁd Nitche (1909). The digested material was shaken with

ligroin and centrifuged. The bacilli were found in the soapy

layer between the ligroin and the:dissolved material, All

the procedures using the hydrocarbon principle consist of a

modification of the original Langezand:Nitche. Haserodt

(1909) applied'ligroin following antiformin digestion. Kinyoun
(1915) using this method showed an increased efficiency of

19% over direct smear examination.

3. CHLOROFORM was first used by Loeffler (1910) and later

by Andrus'and MacMahon (1924). The chloroform separated into
the subnatant layer. Hanks and Feldman (1940) felt there were
definite advantages td the hgavier hydrocarbons in that the
entire sedimentvmay be used for smears; They also considered
it superior‘to ligroin and gasolene since it could be

recovered completely after removal of the supernatant. The
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'sediment formed a satisfactory material for staining and
D'iving a good distribution of organismo.

4. GASOLENE was first used by Krause and Fleming (1916),

the bacilli being recoveréd‘in‘the gasolene iayér.

5. XYLOL was employed by Pottenger (1922,1932,1938), which
showed the effective removal of.tﬁbercle bacilli from
specimens by xylol, ligroin, chloroform and carbon disulphite,
He felt the choice of the hydfocarbon was‘unimportant. His
method'employed extensive dilution, mechanical shaking énd
gravity sepafation. As discussed abqve he considered the

mode of action to be due to the dissolving of the‘
"interbacillary wax" thus setting free the individual
organisms from the group in which tney were found. Pottenger
clalmed that this dilution flotation method followed by picric
acid as a counterstain gave an average of 60 times as many
bacilli as could be found in direct smears counterstained with
methylene blue. This efficiency was two fimes that of |

. chemical floccuiation'and four tiﬁes that of Petroff's method
andAas acéurate as guinea pig inoculation. Dilutioﬁ here Wés
important due to the fact that the ease with which the grouﬁs
were resolved into free cellsbwas dependent upon the

viscosity of the materiél.

(11) Methods Suitable for Smear and Culture and Animal

-Inoculation

There are two basic procedures: (a) digestion (b) collection
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(a) DIGESTION is the digestion of the proteins. Instability
and toxicity towards small numbers of tubercle bacilli are

the greatest drawback of the reagent§ used for this purpose;
l. ANTIFORMIN or Labbarroque's solution was used to dissolve
the mucus and to destroy the secondary organisms; if is the
patent neme of an antiseptic introduced in 1900, The active
principle is sodium hypochlqrite, in addition, it contains
caustic soda., Rapidly grcwing microorganisms were far more
susceptible tq its toxic action than were the wax protected
tubercle bacilli. The activity seems to be .due to its intense
oxidation., It was first recommended for this purpose by
Uhlenhuth (1908)., Other workers modified their method., Brown
and Smith (1910) demonstrated its value for culturing
following antiformin treatment. - Realizing the importance of
this for the cultivation.of tubercle bacilli direct from
contaminated sources, Griffith (1914) undertook a study of
this work. He showed that the presence of free antiformin in
a tuberculous fluid was not detrimental to the growth of the
tubsrcle bacillus. It was the method of choice until Petroff
(1915) devised his sodium hydroxide method.

2. ALKALT

a. Sodium hydroxide was advocafed by Petroff (1915) for the
successful application of Biedert's principle, the homogenization
of sputum by alkali and has found wide acceptance. In Petroff's
method ‘the sputum was mixed with an equal amount of 4% sodium
hydroxide, a concentration which did not destroy the tubercle

bacilli when incubated for 24 hours. His technique made good
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progress possible. It was preferred to antiformin because it
was more stable, more easily obtainable and less irritating,

It exerted a double effect, dissolved‘thernucus'and killed

of f otner organisms and moulds. The main disadvantegesjwere
ite'action on»staining qualities end viability, both being
inpaired on slightly prolonged contect at higher.temperatures.
Also pure solutions deterioreted‘by absorption of carbon
dioxide. It is preferred to other reagente‘because it produced
a smaller_amount»of sediment and hence made.possible a‘nore
effective concentretionlof tubercle bacilli., It was
universally accepted ae a most‘satisfactory‘nethod for
obtaining primary cultures from contaminated sources. Ite
eff101ency is 55%. Corper (1927) reported that it prevented
growth of all acid fast bacilli except the tubercle bacilli.

b, Ammonium hydroxide was first used by Corper and Uyei (1927)
It was’an‘efficient germicide and permitted the growth of only
a_smell percentege of conteminators. However, ammonium |
hydroxide proved too toxie toward‘the‘tnberclenbecilli in a
concentration and time:interval suitable for destroyingrthe
contaminators. a |

Se ACID

a,  Sulphuric acid was first described for the treatment of
tuberculous sputum by Bossan and Baudy (1922), but it is to,r
Lowenstein and oumoyachi (1924) to whom we owe the use of this
method.; Lowenstein 8 original procedure cannot re recommended
because he used»too high a concentretion of acid. Corper (19?7)

recommended that d% gave good results.‘ Although its action
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was not as rapid as sodium hydroxide, it had a wider range
of being innocuous for the tubercle bacilli and its being
capable of destroying undesirable contaminants., It gave a
larger percentage of primary cultures and permitted the
earlier appearance of colonies. Also the sediment did not
need to be washed or neutralized which saved time and
decreased the chance of contamination. The mucoid substances
in the sputum are slightly soluble in strong acids but not
in dilute acids. Therefore upon dilution of the sulphurie
acid the liquid substances in the sputun é;agulate and the
coagulated materials on centrifugation materially assist in
bringing down the tubercle bacilli to the bottom of the tube,

b. Oxalic acid was preferred to sulphuriec acid by Corper

and Uyei (1930) because'of its stability in solution, purity

and its crystalline property. 4lso, it was practically

innocuous for small numbers of‘bacilli. It is a poor sputum
solvent but a good diffefential antiseptics It possesses a
greater germicidal action for the contaminating organisms

found in sputum. Whitehead (1939) noted that oxalic acid did

nof incresase thé number of positives but satisfaetorily

prepared the material for culture and injection into the guinesa
pige. Its mein advantage lay in the fact that it was a crystalline
solid of high purity and of stable composition,

Ce Hydrochloric acid used by Corper and Uyei (1927) acted

like sulphuric acid; the main difference being a narrower
range of serviceable concentration in which the hydrochloriec

acid could be used. The optimum concentration was three per cent.
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d. Citric acid was recommended by Herrold (1931) for
urine and sputum but gave a high contamination

especially molds.

4, SALTS

- Ammonium carbonate, first used by Corper and Uyei
(1927) destroyed many gram negative organisms and promoted
the rapid decomposition with the formation of ammonia.,

Its neutralization rendersd unnecessary treatment with
acid. It liquified sputa readily and did not sterilize
small inocula,

be Ferrous sulphate used by Jungmann (1938) together
with hydrogen perozide and sulphuric acid (a trace).

This mixture proved to be a very potent solvent for mucin.
The reaction was dependent on the presénce of all the
three reagents and peculiar to all mucous secretions.

The mode of action was thought to be by oxidation of
certein chemical groups responsible for the mucinous
character, The main advantages were speed, a small
centrifugal deposit and effective elimination of secondary
orgenisms, Thg liquefaction of the sputum was employed
here in contradistinction to homogenization in most other
methods. It is now known as the Acid Peroxide Iron method
and has been used extensively by Nassau (1942).

¢e Trisodium phosphate, & pure crystalline compound of

standard chemical composition was introduced by Corper and
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Stoner (1946) as an improved procedure for the dianostic

culture of mammalian tubercle bacilli, It was a superior
reagent for destroying contaminating organisms ip

pathological specimens for the cultural diagnosis of
tuberculosis as compared with 3 per cent sodium hydroxide

and 5 per cent oxalic acid. Ten per cent trisodium phosphate
added to an equal volume of fine suspension of mammalian
tubercle bacilli, not only proved innocuous but more

protective than sﬁspensions of bacilli in physiological saline for
long periods of time. A 10 per cent solution trisodim pPhosphate
(23 per cent of a Na3P04,12h20) could remain in contact with

the bacilli up to a week at room temperature but it destroyed
the undesirable contaminants in sputum within twenty four

hours at 3700.

Se. ANIMAL FERMENTS

as, Pancreatin introduced by Spengler (1903) who suggested
that enzymes were thse logicql alterﬁativea as digestors for
use in homogenizing sputum. However, they did not destroy
the contaminating organisms,

b. Pepsin wused by Jousset (1903). Pleursl fluid was
digested with pepsin and hydrochloric acid, The exudatev
was coagulated by the acid and digested by means of the
pepsin. Gerundo (1940) applied this principle to sputum
and urine using Jousset's liquid made of glycerine,
hydrochloric acid, sodium fluoride and pepsin.

Ce Trypsin described by Vogt, Zapposodi and Long (1940)

for the treatment of specimens prior to culturing. In a
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comparative study by Haynes (1942) eleven per cent more
positives were found by the trypsin method than by the
flocculation procedure of Hanks et al (1938)., Its action
however was not sufficiently vigorous in all types of
specimens.
6. VEGETABLE FERMENTS

Papain (Caroid) was studied by Sullivan and Sears
(1939). Although it did not digest pus actively it was
more satisfactory than trypsin. It was more active in an
alkaline medium and the digest may be allowed to stand for
several hours without effect.
7. ORGANIC COMPOUNDS
8 Glycerine ﬁas recommended by Twort and Aberd (1922).
Specimens if left sufficiently long in glycerine gave pﬁre
cultures even though containing very numerous contaminating
microorganisms. Lurie (1924j reported thet neither the
highest concentration of glycerol, nor the most suitable
time interval of exposure found satisfactory to still
preserve the visability of the mycobacteria for culture,
was found capable of destroying contaminants present in sputa.
Corper (1927) likewise found it to be of little value,
b | Urea used by Dold (1908). The possibility of isolating
tubercle bacilli from suspected materials by the use of urea
to destroy caoantaminators was investigated. Urea possessed
an excellent solvent acfion. It was unsuitaeble because it
permitted frequent contamination of culture medium. The

germicidal action of the urea upon contaminators was only

moderate,
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Co Formaldehyde used by Spengler (1903) never achieved

a widespread use, since tubercle bacilli are susceptible

to its action,

d. Sulfonamides were recommended by Schweitz (1944). This
has been ufilized for the treatment of sputum prior to the

inoculation of media and guinea pigs. -

(v) COLLECTION

i Flocéulation_is essentiaily the collection of the
organisms by the flocculation of the protein by fhe
entanglement of the organiéms in a cogtrolled brecipitateo
Flocculating_agents were used to assist in the demonstration
of bacilli from body fluidé. ~Flocculated particles d4id not
interfere with the cultivation of the tubercle bacilli when
very small numbers of organisms were‘present; - This method

has been simplified by the incorporation of the f;qcculating
agent in ﬁith the digestor. Thisvreduéed the centrifugation
time and‘pérmitted the preparation of very uniform rather
thick films. The bacilli are mqre completely collected from
the sputum or other>3pecimens‘so-that a unit amount of sediment
contains fromv3-7 or more bacilli than can be dollectéd by
direct centrifggation. The flocculated ﬁarticles do’not
interfere with tﬁe cultivetion of the bacilli when very smali
numbers of oréanisms arélpresént. Robinson and»Stovall (1941)
in a study of cohcentration methqu céncluded that the ﬁsg of
a reagent to collect thé organiémé by flocculation of thé

proteins was of no advantage. They felt that the heavy
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precipitate frqm-a giyen:quantity.bf digest greatly reduced.
-the original specimen which could be used for examination.
Substances that have beeniemployed for flocculation are:

a, Sulphosalicylic,acid recommended by Holm J. precipitated
the albumin with & few drops of sulphosalicyliec acid.

b. Tannic acid used by Petroff (1915). This method
depended on the efficiency of the precipitation. The.
precipitate carried down the organisms_making them easier

to find. Hanks and Felman (1940) showed that the precipitation
produced by acidification and chilling the ﬁrine with or
without tannic acid though buiky géve better concentrates than
direct centrifuation. 'Also‘that the use of tennic acid was
ﬁnnecessary and that acidification and chilling of the urine
produced comparaeble results.,

Coe Sodium carbénate first used by Ellérman and’Erlandsen
(1908). Greenfield and Anderson (1919) reported that even

in a concentration as high as 40% findings showed that the
development of contamihanﬁs'was not prevehted. They used it

' witﬁ phenol eand showed that it possessed the advantages of
rapidity, efficiency and d4did not destroy the cytology.

d. Aluminium~hydroxide cream used by‘Saihof (1924). The
number of bacilli per‘field weré slightly greater than in

the untreafed field; | o

e, | Ferric chléfide investigated by Hanks et al (1938)., The
flocculated perticlés did not interfere with the growth of

the orgenisms when very small numbers were present,
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. Alum described by Kinyoun and Hanks (1938). Flocculation
by this sufstance was superior to that by férrié‘chloride. The
preparatlon of the alum flocculated resulted in the complete
removal of beacilli during very brief centrifugstion.
Flocculation was inhibited in varying.degrees in different
urines. Alum precipitates gave a high incidence of growth,
higher than the other sediments.

g. Antibody eneable a harmless substance to be injected

into the animal body.

h, Phosphates were introduced by Hanks and Feldman (1940).,
Fiocculationé resulting'from neutralization or alkalinization
of urine were referred'tq‘as phosphate precipitates; This

was a practicel and efficient method.

ii Centrifugation,wae the procedure advocated by Crabtree
(1916). 1Its e:ficieﬁgy depended on the d;fférent specific
gravity of the acid fast organisms compared with the
ordinary bacteria and the organic matter usually present,
that is, pus, epithelial cells and mucus.,.
Four facfors influence this method: a) specific gravity of
specimen b) amount of pus preeent ¢) the lepgth of
centrifugation a) speed of centrifugation \

Jeck and Munch (1927) concluded that best results
were obtained for tubereulous urine at 2300 reyolutions
per minute fer“net less than 15 minutes. A longeg time
wes unﬁeceeeary. Pus was an important factor as well as the

centrifugal force in carrying down the tubercle bacilli.



A
Simple centrifugation was equal to an established
concentration method and better than most of them. More
.recently, in a study of the collection of tubercle
bacilli from aqueous suspensions of sputum Hanks et al
(1938) and of urine Feldman and Hanks (1939), it has
been éhown that direct centrifugation is much less
efficient than might be expected in view of the relative
ease with which other bacteria are sedimented by this
method. For example, chemical flocculations revealed
that many bacilli remained in the supernatant fluid,
after centrifugation of slightly positive sputa for one
hour. The organisms could not be sedimented with any
degree of completeness by prolonged centrifugation in
machines of conventional design and speed, even when the
bacilli were centrifuged in solutions which approximated fhe
isoelectric point of the organisms pH 2.8.

iii Specific gravity of the specimen influences the

collection of the organisms. Bezancon and Philibert (1903)
attached great importance to the lowering of the specific
gravity of the solution and advocated diluting with water.
Robinson and Stovall (1941) concluded that dilution with
water or alcohol to lower the specific gravity was of no
value except in very viscous specimens.,

iv Surfece tension depressors were studies by Robinson

and Stovall (1941) for the possibility that a lowering of

the surface tension of the suspended medium might allow
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the orgenisms to be more readily centrifuged., Various
materials were added to the digested specimen for the
purpose of lowering the surface tension. These
included a stock soap solution aerosol 0.1 per cent,
sodium glycholate 5 per cent, urea 5 per cent and 20
per cent dreft 0.1 per cent and 1.0 per cent. The
results were so varied and inconsistent that no
definite conclusions could be drawn. The optimum
surface tension for this work was between sixty three

and seventy three,
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II EXPERIMENTAL
A PREPARATION OF INOCULUM
The difficulty of the preparation of suspensions
of tubercle bacilli for quantitative experimental work is
well known, This lack of precise methods ﬁas~resu1ted in
an iﬁability to evaluate new developments in experimental
work concerning the mycobacteria, The number of bacilli
in an inoculum has been estimated in a number of ways, but
mainly with a high degree of error, Of the several methods
in use the most widely accepted is the estimation of organisms
expressed -gravimetrically., More recently, guahtitative
expression in terms of optical density is gaining favor.
Calmette (1920) advocated the éétimation‘cf the
_number of oréanismsiper‘mg'moist‘wéight and this remained
the classical method for some years,
Baldwin (1921) recommended a constant technique for
smearing end staining. ‘After counting the organisms in a
microscopic field the amount of'a’suspension'ﬁecessqr& to kill
an animal in a given length of time was determined. This
method did not tell how many organisms are being inoculated
and has many gourges~of error. ‘
Barber's method (1907) in which single bacilli .are
drawn up into capillary pipéttes under the microscope, was a
difficult technique and was inadequate for the inoculation
of more than a few animals or cultures., One is not sure
either of the viability of the organisms on account of the

appreciably long exposure to strong light,

1



11 EXPERIMENTAL
A PREPARATION OF INOCULUM
The difficulty of the preparation of suspensions
of tubercle bacilli for quantitative experimental work is
‘well known., This lack of precise methods has resulted in
an inability t§ evaluate new developments in experimental
work concerning the mycobacteria. The number of bacilli
in an inoculum has been estimated in a number of ways, but
mainly.with a8 high degree of error. Of the several mefhods
in use the most widely acecepted is the\estimation of organisms
expressed gravimetrically, More recently, quantitative
expression in terms of optical density is gaining favor.
Calmette (1920) advocated the estimation of the
number of organisms per mg moisf weight and this reﬁéined
the c¢lassical méthod for some years,
| Baldwin (1921) recommended a constant technique for
smearing and staining.i After counting the organismé in a
microscopic field thehamount of a suspension necessary to kill
an enimal in a given length.of time was determined., This
method did not tell how ﬁany‘organisﬁs are being inocuiated
‘and has many sources of error. |
Barber's method (1907) in which single bacilli are
dfawn up 1nt§ capillary pipettes under the microscope, was a
difficult téchniqué and was inadequéte for the‘inoculaticn
of more than a few animals or cultures. One is not sure
either of the viability of the orgenisms on acgount of the

appreciably long exposure to strong light.
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Jennings (1926) used a Levy-Hausser counting
chamber and obtained consistent resulte. The suspension
was prepared by trituration followed by filtration through
a Whetmen #/5 filter paper to remove large clumps. A pH of
8.7 was used since spontaneous;agglutination did not occur
at that point,

Corper and Cohn (1936) recommended the addition
of a few drops of 0,5% sodium taufocholate. It materially
assisted in speeding up the operation and gave ‘more
consistent results 5ecause of 1ts surface tension reducing
properties in initiating,grinding.

Wilson and Scnwabaeherv(1937) in a8 study of the
relationship between moist organisms and number of total
and viable organiems in a culture of tubercle bacilli,
reported that only a portion is viable. A two week old
culture of human mycobacteria contained a very large‘portion
'of dead cells and it is likely that many of these had
ﬁhdergone varying degrees of autolysis., This heterogeneity
“ undoubtedly complicated theranalysis of the factors
affecting the rate of bacterial‘growth and the establishment
of standard experimental infections. Their experiments
.showed that only 40-80% of a culture of aviae bacilli was
viable and the memmalian is much lower.

Hanks end James (1940) enumerated the bacilli by
the microscopic method using dried smears on suitably
measured glass slides.

Woodruff et al (1946) in a report from a committee
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on the evaluation of laboratory procedures fecommended that
the inoculum be expressed in terms of dry weight, It was
considered to be a most accurate measure of bacterial
substance in éuspension. |

Dubos (1946) in his experiments on the effect of
lipids and serum albumin on bacterial growth correlated the
optical dénsity with gravimetric determination (oven dry
weight) for estimating bacterial grdwth. This correlation
of the optical density and the weight of bacterial bodies
was possible because diffuse growth was characteristic of
cultures growing in the presence of water soluble esters of
certaih'fatty acids., A very useful feature of the Tweéen
albumin medium is thét gfaded amoﬁhts of inoculum can be
accurately prepared by simple dilutions; thus, avoidlng the
necessity of trituration prior to inoculation. It is
apparent thet this medium is well adapted to the quantitative
study of the effect of nutritional factors and of
bacteriostatic and bacterlcidal agents on the viability and
growth rate of the tubercle bacilli,
‘Twp methods for the preparation and estimation of inocula
‘were used for experimental work in this problem.
1. Dry weight

(a) Surface growth
(b) Diffuse growth in Dubos liquid medium

2; ~Optical depsity correlated with microscopie badterial countsg,
Procedure 1l..

(a) Growth was scraped off a four week old culture of
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Petragnani's medium énd was triturated in an agate mortar
with a minimum amount of physiolégical salt solutidn~until
a homogeneous paste was formed. This was then taken up in
10 cc. of saline and centrifuged at low speed for two
minutes to remove gross clumps of brganismst; A portion

of the suspension was removed to a Weighed watch glass‘and
evaporated to dfyﬁess'in the incubator. With allowance for
the salt content the weight of bacilli per c¢cc¢c in the

remainder of the suspension was then calculated.

Results:

Wéight 6fvwatch.giass . ‘k8.548§ gms'
Weighttof Séiine in one cec | 0.0085 gms
Weight of suspension 8.5511 gms

Suspension calculated to contain 2.2 mgs per cc. This was
then diluted to give a suspension of 1 mg per. cc.

(b) One ce of a 10 day old culture in Dubos medium was
similerily estimated gravimetrically, there being no need

for the preliminary trituration of the medium,

2.4 Optiéal density

Optical density standardized against the number of bacilli
estimated by difect microscopic counts. A culture was
prepared by planting in Dubos liquid medium containing
Tween and incubation for 14 days.. The density of the
suspension and dilutions of the suspensioﬁ wefe determined
by en Evelyn photoelectric colorimeter. These results

were correlated to numbers of bacilli per cc estimated by
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a Thoma (Hawsley) counting chamber. Dubos (1947) reported
that no significant proportion ;f cells in & seven day
culture of Tween albumin media is sterile. This contrasts
with the high proportion of sterile cells found in surface
growth. These results were plotted on a graph using
colorimeter readings against numbers of bacilli. !

Determination of numbers of bacilli present could then be

determined directly from colorimeter reading.

\

Results: ) i Table I

Correlation of Optical Density to Bacillary Counts

Inoculunm Dilution Colorimeter .Density Count per cc
Reading

B.C.G. - . 859 . .0667 8 x 108
1:2 919 0374 6 x 108

10-1 - - 8 x 107

5x 10~ % 96 "~ .0166 5 x 102

1x 10~% 983 .0055 8 x 10

o ' 8

Virulent - 941 «0246 8 x lO8
Tubercle 1:2 96l - «0166 5.6 x 108
Bacilli  10~1 99 .0033 l.2 x 10,
5x 10”2 : - - 6 x 10

1x 1072 - - 1 x 107

. ‘ 3 9
Virulent - ' 92 .0327 l.6 x 10

Tubercle 1:2 ‘963 .0144 5.7 x 102
Bacilli  1o0~1 990 .0044 1.3 x 10
5x 102 99 | .0022 © 6.6 x 107

1x 10-2 - - 1.2 x 107
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The following method of inoculation was
used. Pasteur pipettes prepared as described by
Fildes (1931) were used for planting the bacilli,
Four drops (0.1 ce) of the bacillary suspension or
dilution were dropped from above the surface into
the medium. This method was also utilized for the
preparation of dilutions when i1t was necessary to
use émall amounts. The bacilli were shielded from

direct rays when suspended and planted,

CONCLUSIONS

Two procedures for the estimation of an
inoculum ha&e been described. The estimation of the
inoculum by optical density‘in Dubos' liquid medium“
has been'foﬁnd to be simply and sufficiently accurate
for suspending and counting’living tubercle bacilli.
Synthetic fluids can be prepared in amounts which
would permit the simultaneous testing of any number
of experiments. By méans of this apprpach it is
possible not only to select a better method, but.

also, to indicate quantitative results,
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B. COLLECTION OF ACID FAST BACILLI BY PARTITION WITH OIL

The efficiency of the éulture methods depends
on the method of concentration., Various procedures have
been devised to render the examinstion more sensitive.
Almost all of them include two processes: the digestion
of the mucus and the cellular elements in the specimen,
and, the collection of the organisms either by gravity,
centrifugation‘or tﬁe use of hydrocarbons.

Methods of digesting the speqimen have 5een
subjected to intensive study as described in the review
of the literature. The use of trisodiumvphosphate,
advised by Corper and Stoner (1946) as a digeéting-agent
has met with notable success. Much difficulty has been
encountered in the collection of orgenisms for‘cultural
work. This problem is deélt with hefe.

Many authors, (Pottenger, Kinyoun, Smith,
Robinson and‘Stovall) agree that flotation by means of a
hydrocarbon is a most efficlient method for collecting
tubercle bacilli -from a suspension as coﬁpared with
centrifugation and chemical flocculatiop. Most_work
done tc date utilizing this method heas been applied only
to direct smear examination, owing to the inebility td
remove the hydrocarbon and to the‘lethal effect on the
microorganisms, _Pottenger (1932) stated that the

efficiency of the method did not depend on the agept
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used for collecting., Xylol, ligroin, chloroform and
carbon disulphite served equally~weil.

Mudd and Mudd (1924, 1926) observed that
'non ‘acid fast bacteria; in the water phase of a water
oil emulsion, on reachaing the interface, either
remained at the interface or returned to the water
‘but never passed into the oil.,  Acid fast bacteria
however, which entered the interface from the water
were sﬁapped abruptly into the o0il phase. This is -
explained on the theory that on the surface of the
mycobacteria mixtures of fatty substances exist with
many non polar groups which prevent their being wetted
by water but78110w them to be wetted by the non polar
liquid oil. These ‘phase boundary phenomena were
observed microscopically.

‘Reed and Rice (1931) studied the behavior of
acid fast bacilli in oil and water systems. Their
‘method was to suspend the bacteria in water and
overlay with o0il. This Wés'mechanically shaken for
one hour. - The experiment was concluded by centrifugation
or by being allowed to stand. The concentration of the
suspension of bacte;ia remaining in the aqueous phase was
determined by compering ‘the opacity with that of -
8standard suspensions of the same organisms ‘or by .

nicroscopic counts using Breed's method.:
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| They concluded that all the acid féat species
pertitioned 2lmost completely into the oil, s0 that the
aquoous layer was left clear, All the non acid fast
specles remained ip the water phase., Considerable
differonce in the complétenesa of partition of the acid‘
fost species into the oll was observed. This difference
was correlated with the degree of ancid fastness,.

Olive oil was selected for partitioning of the
ecid fost becilli from @ suspension, Other oils, such
as; boiled linsced, coconut, pelm, whale, ¢od, nminoral,
melted tallow, castor fat, oleic acid and triolein were
invostigeted. No significant differonce from olive oil
could be observed., Fat solvents were similar in their
sction to olls. Carbon tetrachloride, ether, xylol,
carbon disulphide, kerosens, benzene, petroleﬁm.
chloroform, butyl amyl slcohol and iso amyl aicohol wore
tosted, This egreed with the observations ma&e by
Pottenger and Kinyoun. .

The acid fast bacilli must be brought into
contact with the oil phese. The proportion of lecc of
wator to 0,35ce oil gave approximately complete
partition,

Adjustment of pH of water phase to pH 6,0
provented the formation of soap and left the aqueous
- layer clecar. Regardless of the small smount of soap
formed in an elkalino solution; the acid fest organisms

partitioned more or less completely into the oil.
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They concluded‘that all the acid fast species
partitioned almost completely 1nto the oil, so thet the
agueous layer was left clear. vAll the non acid fast
species remained iq the water-phase. Considerable N
difference in the’completeness of partition of the acid
fest species‘into the oil was observed. This difference
was correlated with the degree of ac1d festness.

Olive o0il was selected for partitioning of the
acid fast bacilli from a suspension., Other oils, such
as, boiled linseed, coconut, palm, whale, cod, mineral,
melted tallow, castorvfat oleic‘acid‘end triolein were
investigated. No sxgnificant difference from olive oil
could be observed.‘ Fat soIVents were similar in their
action to oils. Carbon tetrachloride, ether, xylol,
carbon disulphide, kerosene, benzene, petroleum,
chloroform, butyl amyl elcohol and iso amyl alcohol were
test de This agreed with the observations made by |
Pottenger and Kinyoun., » .

The acid.fast bacilli mastibe brought into
contact with the oil phase. The proportion of lcc of
water to O 38¢cec o0il gave approximately complete
partition.

Adjustmentrof.ponf water phase to pH 6.0
prevented the formation of soap and left the aqueous
layer clear. Regardless of the small amount of soap
formed in an alkaline solution, the acid fast organisms

partitioned more or less completely into the oil,



(1) Selection of type of oil for maximum efficiency

Prelimiﬁary;exﬁériments‘wefe cérriedﬂout to
select the type of o0il most efficient for the co;lectiqn
or partition of tubercle bacilli suspended in saline,

The o1l colleéting capacity‘pt a number o:
oils was investigated. .0ils first selected for this
purpose were’castor; olivé, cotton seed and peanut.
‘Later cérn and sesame oll were used,

Material and Methods

A suspension of B.C.G. was prepared as
desqribed under preparation of inocula, The inoculum
was expressed quantitatively in terms of dry weight.
The organisms were éuspgnded in 10 cc saline and 0.5 cc
oil, Various commercial oiis‘were‘tested; ‘This
mixtureiwa;‘shakén“for;fivewminﬁteé]and cehfrifuged for
ten minutes. 0.5 cc of subnatant was inoculated on
Petragnani's medium to test for the presence of acid,
fast bacilli. Growth was recorded in terms of gross
appearance. The éxperiments'wefe repéated‘using pure
oils, the'inoculum being estimated with a Thoma
(Héwksley) counting chamber. 1The résuitg are recordgd.

in Table II and Table III.



Table II

Effect of various oils on the partition of tubercle
bacilli from a suspension

Inoculunm Castor Olive Cotton Peanut Control
in mg , 0il 0il 011 - 011

1 x 1072 ++° + 0 ++ ++4

2 x 10-2 (+) + + ; l+++
1x10% o 0 0 0 +4

2 x 1071 + o+ ++ ++ 44

2 x 10’1* +++ +4+4 ++4+ +++ 4+t

1 x 10~%2 ++ ' ++4+ ++ + N

1 x 107% 4+ , +4+ ++ + e
z2x10% 4 (+) + () +4+

The number of +'s represents the gross appearance of growth
obtained from 0.5 ec of subnatant after 28 days. (+)
indicates a very slight growth. * Inoculum with Tween

Table III

Effect of various oils on the partition of tubercle
bacilli from a suspension (continued)

Oil Olive Peanut Sesame Corn confrol

Inoculum )
No. of Approx.
bacilli mg

8 x 104 10°° o o 0 0 e
8 x 107 107% o slight  (+) + e

8 x 108 10"'1 (+) + ++ + 4+



Summary of results:

No great difference in partition ebility is
apparent from the use of the vérious 6113. There is
however, some selectivity and'olive oil followed by
pPeanut oil is more efriciént'in its coileéting,
capacity as compared with the other oils. Olive 611

was used in most of the subsequent experiments.

(11) Determination of the size of inoculum on the

collecting ability of the oil

Material and Methods

A preliminary experiméntAwés conducted
utilizing oliié 611. The inoculum of B.C.G. was
expressed gravimetricéllyQ Saline ias bufferedvta a
PH 6.0 to prevent soap formation., The mixture
containing organisms in 10 cc saline and 0.5 ce oil
ﬁas shaken mechanically for thirty minutes and then
centrifuged for twenty minutes., After removel of
the o011, the O.1l cc subnatent was planted on
Petragnani's medium to determine the removal of
bacilli by the oifl. The experiment was repeated with
the various oils to determine the influence of the
size of the inoculum; The experiment wes agéin

repeated with several pure oils, The results are

recorded in Tables IV, V and VI,



Table IV

Effect of the size of inoculum on the oil collection
of the tubercle bacilli from a suspension

Time of A Inoculum in mg '
Growth 102 10"3 104 10-5 10-6
Olive oil 14 days + + 0 0 0
28 days +++ +++ 0 0 0
Qoﬁtrol 14 days + + + (+) (+)
28 days +++ the +++ +++4 T+
Table V

Effect of the size of inoculum and various oils on the
collection of tubercle bacilli from a suspension

Inoculum Castor Olive Cotton Peanut Control
in mg 0i1 0il Seed 0il 0il

2 x 10-3 + (+’ | + (+) +++

1 x107% o 0 0 0 e
1x107° o 0 0 0 tes

Growth recorded after twenty eight days.

Table VI

Effect of the size of fnoculum and various oils on the
collection of the tubercle bacilli (continued)

Inoculum Olive Peanut

Sesame Corn Control
No, Bacilli Approx mg 01l 01l 0il 01l
8 x 108 1075 0 0 0 0 44+
8 x 107 = 10°% 0. slight  (+) + +++
8 x 108" ~ 10-1 | (+) + ++ + +44

Growth recorded after twenty eight days.
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Growth in the above tables is obtained from the
cultivation of 0,1 cc of subnatant after twenty eight

days.,

Summary of Results
- . The eipériments in which the o0il completely

pérgitioned the acid fast bacilli from a suspension,
that is in which the subnatant was sterile, were those
in which the inoeulum was small. There aﬁpears to be
a critical poinf in the size of inoculum below which all
the baeilld areke:riciently collected from a suspension;
when the size of inoculum is small the bacilli are
completely taken up by the oil, It is around this
ceritical point of sizayof‘inoculum that the advantage
of type of oil manifests itself. These results can.bg
expressed quahtitatiyely. An inoculum of 10'4 mg of iess
is compietely partitioned into the oil from an oil watef
system for the proport;on of 10 cc saline to 0.5 cec oil.
An inoculum of 107 ° mg or more 1s not taken up entirely
by the oil in an oil water mixture.

Thefefficiency for 'a large 1ndcu1uﬁ depends to
a greater éxténtrén the type of oil used. There is
definitely a selectivity of oils in this range with olive
oil being Q@tstdnding in its action followed by peanut
oil. The résulfé in all fhree tables demonstrate

effectively‘that the siZeror inoculum has & great influence
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on the collecting capacity of the oil for the tubercle

bacilli. This of cdurse 15 ?ot a drawback to this work
since the prime purpose of a'cbncehtration method is to
coliect small numbers of acid fést organisms not

demonstrable by othér means,

(1i1) Determination of the quantity of oil for maximum
‘ efficiency
Materials and‘Metﬁoda
The inoculum was prepared as described above
and was expressed gravimetrically., An oil water —
suspension was made with ten cec saline containing the
organisms and varying quantities of oil. The o0il water
suspension was shaken for fivg minuteé. 0.1 cc of
subnatant wes planted on Petragnani's medium to test
for the presence of mycobacteria, The results are
recorded in Taﬁle VII.
| Table VII

- Effect of the quantity of oil for maxiﬁum efficiency
on the collection by the oil of acid fast bacilli

Inoculum ‘Quantity o041 0.1 0.5 1.0 1.5 2.0 Control
mg suspension -
102 | - | f |
-2 10 cec . Olive + (¢+) + = + 444+
10 100
-1 ce Olive ++ ++ +4 - + +++
10-4 10 ¢ce Olive . (+) + +++ et 4+
10_, 10 cec Olive - + 0 0 0 +++
10 .. 10 ece Peanut o + (+) 0 B ¢ IR TS

The number of +'as represents the gross appearance of growth

obtained from O.1 cc of subnatant after twenty eight days.
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Summary of Results

The results obtained with two different quantities
of suspension, showed the efficiency of the collection of
bacilli by oil from a saline suspension, depended on the
:elative proportions of oil to saline. The quantity of
oil remaining constant, the partition appeared to be more
complete in. a 10'cc saline suspension than in a larger
suspension of 100 cc. This may be due to the chance contact
er oil to orgenisms.

To determine if this ractor was responsible for
the added efficiency, increased diepersion by means of a
detergent was investigated in a subsequent experiment,

When an inoculum was used at a critical level of
10”4 ng, thaf.is;;when the factors affecting the method can
be more accurately evaluated, a quantity of 0.5 ce¢c or over
for olive oil, and 1,0 c¢¢c of peanut oil completely
partitioned the acid fast bacilli from a water oil system.
In conclusion, the quantity of 0il used to obtain partition

is not as important a factor as the size of inoculum,

(iv) Determiﬁafioniof‘the effect of dispersion by a
detergent on the collecting capacity of the oil
Material and Method
Inoculum (B.C.Gs) was suspended in 10 cc of
bdffefed saline pH 6.0 Tween 80 was used as the source of

a non toxic detergent in a concentration of 0.02 per cent



and was added to the buffered saline.

Tween 80, a

polyoxyethylene derivative of sorbitan monooleate is a

visccus‘amber fluid, which is soluble in water and

stable to autoclaving.

Arter the addition of O S ¢c of

oil the mixture was shaken ror ten minutes and centrifuged

for twenty minutes.

Petragnani's medium.

appearance.,

Effect of dispersion by means of Tween 80 on
the collection of oil -

O. 05 cc or subnatant was planted on

Growth was recorded 1n terms of gross

Table VIII

The feéults are reported in Table VIII.

Castor Olive Cotton " Peanut Control
011 0il Seed 0311 041
Inoculum Time of AR L
mg Growth
Not centrifuged ‘ '
5 x 1001 14 days + + () (+) (+)
28 days +4++ ++4+ +4+ +++ +++
Centrifuged
5 x 10=9 - 14 days (+) slight ++ ++ +
28 days ¢+ (+) +++ ++4+ +++
Centrifuged o : : : L
1 x 107 14 days + (+) (+) (+) +
28 days +++ ++4 4 e t++

Growth represents the gross appearance obtained from 0.05 ce

of subnatant.

Summary of Results .

Tween 80 in a concentration of 0,02 per cent

prevented the oil from accomplishing an effective collection.,
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»Thesé results are-coﬁsistént with the theory of Mudd and
Mudd (1926) thgt acid fast ﬁaciliikaré wetted by the oil
band if they are r§ﬁ¢ered dispersadble in water, by the
action of a dete?gent, they are no longer takgn up by
’the‘oil;‘ The effect of the Tw§en, may ﬁot however,
interfere with partition as with maintaining the oil in
_.suspension} Th§ experiments shbw an increased efficiency .
with centrifuging which would indicate that Tween
ﬁaintains a disjersioh.of the oil. The‘removél of the
oil'by filtration through a wet filter paper should be
coﬁsidefed. A more thorough investigatiohlof ihis'aspect
,ié required, Again it is noted that olive oil is more |
selectife for this purpose than other oils. Although
Tween 80 or other detergents were considered detrimental
for this ?ﬁfpose,ksﬁch agénts might be used with advantgge
after éollection, to remove the acid fast organisms from

the o0il sustem

(v)kk kTo determine the effect of centrifugation on the
; partition of acid fast bacilli from an oil water
| suspension.,.

The procedure was similar to the foregoing
experiménts excépt that bufréred'saline pH 6.0 and O.5ce
of oil were used throughout. Centrifugation was carried
out for twenty minutes, To determine the effect of
centrifugation on the efficiency of the partition between

water and oil, 0.l ¢c of subnatant was planted on
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For the control experiments 0.1l cc

‘of supernatant from a saline suspension of organisms was

‘culturéd.

Table IX (a)

The results are summarized in Table IX.

Effect of centrifugation on the partition of acid
- fast bacilli by the oil

Centrifuged

Castor Olive Cotton Peanut Control
~ Inoculum 0il 011l Seed 01l 0il
2 x 107t mg
- Not centrifuged «++ +4- +++ + +++
Centrifuged + ++ ++ (+) 4+
5 x 107! mg -
Not centrifuged ++ ++ +++ ++ ++4+
- Centrifuged ++ ++ ++ + 4t
Table IX (b)
01l in cc
5Inogulum
mg 0,5 1.0 l.5 2.0 Control
011ve oil . .
Not centrifuged + .0 0 0 e+
- Centrifuged .0 0 o 0 t+t
Peanut oil .
~Not centrifuged + (+) 0 0 ++4
0 . 0 0 0 +++

Growth represents gross appearance of culture after twenty

"eight days.

Suﬁﬁary of Resu

1ts

(+) slight growth

Centrifuging somewhat éssiats the efficiency of

the method.

This is more evident in the experiments in which
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the inoculum approaphes a size where maximum efficiency
is possible. Another factor which influences the results
is the type of oil used. It is noted that centrifuging
“at about 2000 rgvolutions per minute did not appreciably
sediment the organisms in the control saline suspensions.
This agrees with the results of Hanks et all (1938) that
centrifuging is not of much valﬁe for the collection of
tubercle bacilli, as referr;d to in the review of~
concentration methods., It would, however, seem advisable
to carry out centrifugation to improve the separation of

the o0il and water,

Conclusions re the partition of acid fast bacilli by oil

The type of oil used for the partition of acid
fast bacilliirrom.a suspension was noﬁ of prime importance.
Olive oil was the most effective, followed by peanut oil.
The partition depended not only on the quantity used but
also on the praportion of oil to water that is used.

The size of inoculum wes the determining feature
of the efficiency of this method. There appeared to be a
critical level in the size of inoculum below which all thé
acid fast bacilli partitioned into the oil, This was not
a disadvantage tb this work since thevpurpose of a concentration
- method was the demonstiration of minimal number of bacilli,
The use of the detergent Tween 80, in the oil

water system seems to fnterfere with the bacilli being teken
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up by the oil.“Centrifugatiqn improves the collection
of the organiémé by the oil, because it brings about
a more complete separation of the oil and water,

| When these factors .are taken into consideration
an efficient method of collection utilizing the partition
of a saline suspension of acid fast bacilli into oil is

possible.
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Ce DEGREE OF RESISTANCE OF TUBERCIE BACILLI TO VARIOQUS
FAT SOLVENTS

Most non sporing bacteria are considered to
bossess a high degrée'of'ausceptibiiity to the disinrectant
action of fat solvénts; the acid fast bacilli are
believed to be relatively resistant to these agents (Topley
and Wilﬁon, 1947)s Topley (1915) reported that some
staphylococci survived five to twenty four hours exposure
to ether. Yersin (1888) and Sternberg (1896) obtained
experimental results that showed that tubercle bacilli
were killed in ether in ten minutes.

The purpose of this investigation is to taske up
tubercle:baqillihin o;lVfrom,wéteryVauspensions and to
recover them by dissolving away tﬁe 0il by means of a
solvent. It is therefore necessary to select a fat solvent:
showing the least possible lethality to the tpberclg.'
bacillus.,.

Preliminary experiments were carried out,using
a strain of Bacillus_Calmette Guerin as the inoculum and
the results were confirmed using a strain of virulent

tubercle bacilli.

Material and Methods
Fat solvents investigated for bactericidal action:
l, Ether =~ BDH absolute ethyl ether

2, Acetone - BDH analytical reagent



o <]
3, Benzin - Merck petroleum ether reagent (BoP. 30" - 60 )

4, Benzene - BDHE analytical reagent

(1)  Resistance of B.C.G, and virulent tubercle bacilli

to various fat solvents

A homogeneous suspension of B.C.G. was prepared.
Sterile filter peaper squarés 1.5 mm were inoculated with
:l.O'.'?> mg of culture and were evaporated to dryness at 57°c
in air. These were immersed in ﬁhe fat solvent for
varying lengths of time and then evaporated to dryness
at room temperature, The filter paper squares were then
planted on Petragnani slopes. Growth appeared as a
concentrated maés'oﬁ the paper and was recorded in terms
of gross appearance. ‘Controls were set up with egch
experiment and readingé were taken at the end of two’and
five‘weéks. The results are summarized in Table X. The
experiments‘werg repeated ns1ng virulent tubercle bacilli

and acetone or benzin. These results are recorded in

Table XI,
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Table X

The resistance of B.C.G. to various fat solvents

Growth Time of Exposure in Minutes
Solvent Test Time $- 10 30 60 2x60 4x60 8x60 O
- in weeks ' ' e .
ETHER A 2 (+) (+) O 0 o] 0 0 ++
5 (+) (¢) 0 0 o0 o 0 e
B 2 - (+#)0 o0 o0 0 0 e
5 N + {(+) 0 0 0 0 +4
c 2 0 0 0 - = - - ++
5 ++ 0 0 - - - - 44
D 2 0 - 0 0 - - - ++
5 + - 0o © - - - +4++
ACETONE A 5  (+)+ o+ e 0 0 '
B .2 . ++  ++ (+) ++  ++ - - ++
5 +4+4+ 4+ + +44+ *+4+ - - +4+ 4+
c 2 () (#) 0 (+) (+) =~ - (+)
5 +t++ +++ 0 +++ +++ = - e+
" BENZENE A 5 . (+) (+) (#) (#) (&) - = res
B 2 (+) (+) (+) = (+) - = e
5 44 Hit AEE - +4e - - N
BENZIN - A 5+ et 44 0 0 = = +s
B 2 T 2 T S (+) - +44
‘ 5 T O S AL L L R +++

+ indicates amount of growth after expoSuré to fat solvent
(+) indicates a slight amount of growth
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Table XI

The resistance of virulent tubercle bacilli to fat solvents

Growth ~ Time of Exposure in Minutes
Solvent Test Time 5 10 30 60 2 x 60 0
Weeks S
ACETONE A 2 + + + + + T+
. o 5 +4+4 +++ +++ +++ +++ +++
B 2 + + + o+ (+) S
5 +4++ +4++ ++4+ +++ +++ +++
BENZIN A 2 e e e (4) .
, S +++ +4++ tHE e+ +++

+ indicates amouﬁt'of growth after exposure to fat solvent;
(+) indicates a slight amount of growth.
Summary of Results

Four tests showed that ether exerted a definite
bactericidal effect on the tubercle bacillus, even after an
exposure of five minutes. Ether therefore; could not be
used for this problem since the organisms were to be grown
after_collecfion. Three other solvents, acetone, benzene
and benzin‘wére then4selected for testing purposes.

Tab;e X showed acetone to be quite innocuous for
at least two hours for the growth of tubercle bacilli.
Benzin and benzene could alao be used in thgt order of
preference. Ether exertgd a mueh greater inhibitory effect
than any p: the threg others tested. The experiments were
repeated with a strain of virulent tubercle bacillus using

acetone and benzin and the results in Table XI indicate
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that exposure to acetone or benzin for two hours exerts
very little lethal action on virulent tubercle bacilli,
It can be concluded that acetone i1s the most auifaﬁle’
fat solvent but that benzin maf be used with littie

effect on the mycobacteria.

(11) Solubility of olive oil in acetone as used in

paertition experiments.

In order to determine the amount of acetone
requirgd for dissolving a\given aliquote of olive oil
and in order to determine the amount of acetone to
dissolve the supernatant oil containing the acid fast
baeilli, solubility experiments for a homogeneous

sdlution were carried out.

ae 0.5 cc of olive oil required 5 cc acetone.,

be 045 cc of olive oil supernatant after shaking five
minutes with 10 c¢c saline and centrifuging for
twenty minutes, required 7 ce acetone.

¢e 045 cc olive o0il supernatant, obtained from a
saline suspension of 102 mg B.C.G; in 10 ce,
required 15 ce¢ acetone, |

"de 045 cc olive o0il supernatant, obtained from a

saline suspension of 10"'2 mg B.C.G, in 10 ce,

required 15 cc of water free acetone.



Summary of Results:

Fifteen cc of acetone are required to dissolve
0.5 cec of’olive oil sﬁpernatén£ éontaining tubercle
bacilli. The wetting of the oil interfered with
solution by acetone. Analar acetone contains one
per cent watqr and solubility experimehts ﬁere
repegted with this water removed. The\results obtained
.showed that Aﬁalar écetone dissolved the oil as

efficiently as dry acetone.
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De FILTRATION

The;recovery of the acid fast bacilli by
filiration from the oil, using a non toxic fat solvent
was then investigated, The method depends on the
use of a filter membrane on which the microorganisms
could be collected during the process of washing away
the oil., After filtrafion, the membrane would be
transferred to = suitéble medium., For this purpose
a membrane was reqﬁiréd, the porosity of which would
rafain the bacilli and allow the fat solvent to pass
through as qﬁickiy‘éé possible. The.membrane, in
addition, would‘need to be th;n enough to allow the
passage of nutritive gubstances from the medium to
the bacilli retained on the membrane. In his review
of filters for bacteriological work, Mortoﬁ (1937)
conéidered the use of sintered glass as the nesarest
approach to an ideal filter. It is however, not
applicable to this problem. Therefore, three types
of material were investigated, cellophane, gradacol
membranes and Seitz filter bads. The apparatus used
was adapted from a Jenkins filter (1927)., A disc of
the aembrane to be tested was placed between two
close fitting :ubber sieeves, and thé filter was set
‘ﬁp in a‘Kitasato flask, to use suction by means of a
water pump, which was attached to a mercury manocmeter

so that the pressure during filtration could be
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observed and regulated. The filtering materisl was
investigated for, the ability“td allow the fat solvent
oil mixture to pass through in a suitable length of
time, retention of the bacilli and the adaptebility

for the cultivation of the organisms.

INVESTIGATION OF FILTER MATERIAL

(a) Cellophane

| C.I.L. No 500 PT cellophane discs were cut to
fit the filter. riltration did not occur with water or
ether on application of a negative presSure_or sgventy
two cm ofvmercury for two-hours. The use of cellophane

for this problem was discontinued.

(b) Gradacol Membranes

Gradacol’ﬁembfanes are thin collodion membranes
which can be prepared with a given pore size as described
by Elford (1951). These membranes were prepared for the
investigation of the retention of acid fast baecilli
following the removal of the oil by a fat solvent. Thek
materials and proportions were selected to obtain an

average pore size of 0.8 microns.

Material and Methods

The collodion used was Necol C,I.L. 356-A=9

(Nobel formula).
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Quantities used:
Solution A Weight
10 cc amyl salcohol 8,17 gm

Necol (20 gm Necol)
- (20 gm Acetone) . 40.00 gm

48.17 gnm
Solution B
Alcohol - 5.0 gnm
Ether 45,0 gm
, 50.0 gnm

Equal quantitieé by weight made up Solution C. 75 cc
Solution>c were poured into a Petri dish 20 em in |
diameter. This wasvallowed to dry for séventf five
pinutes at room temperature. The collodion set to a

semi opaque>rilm, which was then thorpughlyfvashed in
distilledtwater to further‘coagulaté the ﬁembranefand

to remove the excess solvents. Coagulation continued
during the washing process and the film became quite
white and opaque. Three sets of membranes wére prepared:
membrane alone, membrane embedded with Whatman # 2 filter
paper and‘membrane embedded with filter paper support
(Sehleicher and Schull # 123). They were stored in
distilled water..

Various Propert;es of the Membrane were Investigated

(i) Determination of the strength of the membranss

was dohe by filtering ether at determined pressure.
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through disqs cut'to_spitable s8ize, The membrane that
was notvrginforcgd was tqo fragile and broke below

20 cm of'mercury. ?he‘membrgne with filter paper
reinforcement withstood & pressure of 20-25 cm of
mercury and broke at 30 cm. ° The membrané‘reinroréed‘
with filter paper support withstood a pressure of 60
cm of mercury. It was noted that e certain time

elapsed before the filtration of the ether began.

_(ii)\ Dete:mination of the rate of flow of oil and ether
throuéh the‘memﬁrang reinforced with filter paper., The
‘experiments‘were;ca;ried‘éut at a pressure of 20-25 cm

_of mercury. Thg rate of flow for 10 cc of ether with

0.5 cc olive o0il was approximately 3.5 minutes per cc;

for 20 c¢c of ether with 0.5 cc olive oil was approximately
2.2 minutes per cc. When 0 5 cc of olive 0il was laid

on the membrane and washed with 10 cc of ether, the rate
of flow was approximately 6.0 minutes per cce The results
indicate that the dilution of the oil with iaréer o
quantities of golveht inéreaséd theirate ofvfiltrafion.
The results show that mixiﬁgfof“the;éil‘and ether should
be carried out prior to”riitratioh‘péfiod. Further
studies were hot‘madé bécauséfof the‘soiubility of the

membrane in ether,

(1ii) -Determination of the retention of the microorganisms.

by the membrane, A staphylbcqgcus.suspension in saline was



filtered through a gradacol membrane., Good growth was
obtained from the surface of the membrane and the

filtrate proved sterile after two days of incubation.

(iv). Preparation'of membranés with a larger pore size.
Filter paper reinforced membranes were prepared by the
same technique described above, 1.5 cc of water was
added to the solvent mixture~to increase the average
pore size fo 1,5 - 2.0 microns, The filtration of a
Staphylococcus saline suspension showed that both the
membrane and the filtrate gave a good growth of
Staphylococcus in 18 hours. Therefore, thié membrane

at this porosity was not applicable to this worke

(v) Determination of the solubility of membranes.

The membranes on removal from the apparatus, following
the filtiation of the ether appeared to be partly
dissolved., The solubility of the membranes in various
fat solvents was therefore investigated, and for this
purpose the membrane, wﬁich was not reinforced with
filter paper or filter paper support, was exposed to
either acetone, benzeﬁe; benzin or ether for varying

lengths of time, The results are recorded below.

Fat Solvent Time of Exposure and Solubility
Acetone 2 minutes, completely dissolved
Benzene 2 hours, not affected
Benzin 2 hours, not affected

Ether 20 minutes, 75 per cent dissolved
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Although acetone is the most desirable solvent for this
work, it could nqt be used for the filtration through
collodion‘membrénes. It iS'probable’that the ether
filtration recorded in experiment (ii) was accomplished
by the partial disgolving of the membrane., Benzin and
benzene did not appear to exert any solvent action on
the coilodion membranes and they also exert a very low

lethal action on. the mycobacterio. . .

(vi) Determination of the rate of filtration of fat

solvents which did not dissolve the gradacol membrane.
Benzin and benzene would not filter through the collodion
ﬁembrane even at a pressure of sixty cm of mercury fdr
up: to two hours; They appeared to be impermeable and
‘the solvent seemed to exert a-sﬁelling action on the
membrane, The addition of 0.5 cc of olive o0il to 10

cc of benzene prior to filtration did not make the:

membrane .permeable.

SUMMARY OF RESULTS

In order to determine the pore size of the
collodion membrane for retnetion of microorganisms, it
has been shown that.a membrane with an average pore
'size of 0,8 micfons retained Staphylococcus from a saline
suspension.. Staphylococcus was not completely_fetained

by a membrane of an average pore size of 1,5 = 2,0 microps.



Coilodion membranes are not suitable for the
recovery of acid fast bacilli from oil by a non toxiec
fat solvent because the collodion is soluble in acetone
and ether and is impermeable to benzin and benzené
even at a pressure of sixty cm of mercury for two hours,
Until these membranes can be altered either to withstand
solution by acetone or ether, or to allow the filtration
of benzene or benzin, they cannot be used for the

recovery of the organisms from the oil.

{c) Seitz Pads

‘Seitz filter pads are made of asbestos and are
obtained in disés in two grades of porosity. The E. K.
(Entkeimung) grade is used in bacterial filtration,

| Because of'the difficulty of obtaining
desirable.filter meﬁbranes, Seitz filter pads were used
to demonstrate the collection énd growth of the tﬁbercle
bacilli until a more suitable material could be found;
theif disadﬁéntage ié théﬁ fhéy‘céhnot be applied to
cﬁlturing on solid media since the pad is too thick. For
éiberimenfal‘pufposes the pads ﬁéré dﬁﬁ dowh to £it a
Jenkins filter funnel and following the filtration the
pads were removéd and_planted in Dubos liéuid mediuma.
Filtration occurréd‘rapidly with an oil and ether solution,
on the application of a negative pressure of forty cm

of mercury.
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(1) The retention of viable acid fast bacilli by the

Seitz pads, following the collection of the bacilli in
oil from a saline suspension was studied. This was
demonstrated by the cultivation of the pads in albumin

tween liquid medium.

Material and Meth&d

Five samples of 0.2 nmg of B.C.G.‘ﬁere
suspended in 10 cc of saline. 0.5 cc of olive oil ﬁas
used for the partition of the bacilli from the saline
suspension. The solutions filtered, together with the
growth obtained; are summarized in Table XIII°’ The
E.K. péds~were remo#ed from the filter and planted'in‘
Dubos liquid medium. |

Table XIII

Solutions filtered and growth obtained from tubercle
.bacilli collected on Seitz pads

Sample . Solution filtered - Wash¥ Growth in 14 days
' in Dubos mediun

1. Saline oil mixtq;e ‘lQ‘cc ether o)
2, ‘ - Saline oil mixture 10 cc acetone (+)
3 . E 0il supernatant 10 cc acetone (+)
4, . 01l supernatant 10 cc acetone

with 0.,2% Tween +++.

5a ‘ ‘ Saline suspension  none $+4

*Applied to the Seitz filter pad to dissolve the o0il. The
number of +!'s represents the amount of growth obtained as
‘estimated by the microscopic examination of the liquid
medium, (+) indicates an occasional bacillus per field.



The experiment was repeated using aﬁ inoculum
of 0.1 mg of B.CueGe in ten cc saline, and varying
quantities of fat solvent were used in washing. The
solutions filtered and the growth resulting is

summarized in Table XIV.(a)
Table XIV (a)

Solutions filtered and growth obtained from tubercls
bacilli collected on Seitz pads continued

Sample Solution filtered Wash Growth in days
. in Dubos medium

1. 011 supernatant 10 cc acetone rare 7 days
: (+) 14 days
++ 21 days
2. 0il supernatant 15 cc acetone rare 7 days
‘ + 14 days

++ 21 days .
Se Saline suspension = none + 7 days
' ++ 14 days
++ 21 days

Summary of Results

| It has been illustrated that the partition of
acid fast bacilli from a suspension by means of an oil is
feasible; it was possible fo retain the orgahisms on a
filter, by the rempval of the oil with a fat solvent and

then to grow the bacilli collected on the filter pad. 'The



‘absence of grOWth‘When ether was used as the fat solvent
is probably due to the toxic action of the ether on the
bacilluse The resultant growth fron rads through which
saline suspension was filtered indicates that there are
no inhibitory substances present in the Seitz pads'which
exert a toxic effect on the growth of the tubercls
bacillus. Tween 80, as discussed previously, probably
serves to facilitate the separation of the microorganisms
from the oil or‘disperSion;of the organisms ihto the
medium from the bad. There is no significant difference
between the uéé’of ten‘and fifteen cc of acatoné fér o
waéhing gwa& the oilldufihg filtration. The loﬁ growﬁh
without Tween might be due to retention of the organisms
on the‘pad.

{ii) Quantitative estimation of growth of virulent tubercle
bacilli. ' :

F

Virulént tubef?lé(ﬂacilli were partitioned from
é ten cc saline suépension into 0.5 cc olive oil. The o0il
containing the org#nisms was separated from the saline by
filtration through a water wet filter paper Whatman #2.
Thorough separation of the oil from the saline was
determined by testing the filtrate with sodium hydroiide
for the presence of soap; no soap was formed, The oil
was then transferred to a Jenkin's filter containing a

Seitz filter pad; this was washed with fifteen cc of acetone
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to allow the bacilli totbe separated from the oil and
colledted on the pad. This procedure was carried out
for several dilutions of organisms. Control experiments
weré sef up by filtering saline suspensions of organisms.
ihe'Seitz pads were removed from the filter and planted
in Dubos liquid medium and the results are recorded in
Tablé XIV (bv).

| | Table XIV (b)

Growth of virulent tubercle bacilli from Seitz
pads_ in Dubos liguid medium

Growth _3 Inoculum 1n_2g A

‘in days 10 10 10-5
7 e .0 0

14 + 0 0

21 ++ 0 0
Control

7 + 0 0

14 ++ 0 _ 0

21 I 2 0 0

++= 10-100 bacilli per field, += 1-10 bacilli per field,
'10"5mg= epproximately 100,000 baeilli,
Sumﬁary of'Results

| The isolatioh’of virulent tubercle bacilli was
obtained by the partition of the bacilli in oil from a'\
suspensioh, and their collection by filtration‘vith the
use of a~non'toxicifa% solvent to remove the oil and
shown by growth from the filter membrane in albumin tween
medium. Seitz filter pads cannaot be used to evaluate the

collection.-of small numbers of tubercle bacilli by the oil

partition method, because they are unsuitable for

culturing on solid media.



E. DUBOS MEDIUM

Virulent tubercle bacilli are among the least
exact;ng of the pathogeniec microorganisms in their growth
requirements, They afe.able‘to yield an abundant growth
in simple synthetic media by synthesizing their structural
‘and metabolic constituents from a few mineral salts and
organic components. On the other hand it is often quite
difficult to initiate the growth of small inocula.of these
organisms in vitro., Furthermore the strains of human,
bovine and to a lesser extent avian bacilii, multiply
extremely slowly even in media enriched with growth
promoting substances present in serum, egg yolk, potato
extract and milk; 'Theséﬂcharacteristics render difficult
the application of the tubercle bacilli to quantitative
expe:imental»pfocgdures. The widely used egg media such
as.quenstein and Petragnani lack the ability to promote
both fapid growth and,the'multiplicationAof small inoculsa,
In order,to.overcome some of these difficulties a study

of Dubos medium was carried out,

“Duﬁoé (1945)kdescribed an albumin tween medium
théh produced'diff&éé and fairly rapid'sﬁbmerged"growﬁh
of the fﬁberclékbécilli;' There‘have 5een'severa1 modifications
déscribed for use in different types of bacteriological work.

. The property of‘diffuse growth of virulent and
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avi:uleqt tubercle bacilli was achieved by the addition
of Tween, a synthetic detergent to a liquid base. Tween
80 had the remarkable property of wétting the surface of
the tubergle bacilli gnd rendéring them dispersible in
watere

» | The goncept of diffuse growth for the tubercle
bgcilli is not new., Besredka (1921) obtained rapid and
difque growth by diluting sterile egg yolk unheated to
ten volumes of-distilled water, Boissevain (1931) grew
tubercle b&cilli diffusely in Long's synthetic medium
containing cephalin or lecithin, Larson and Montauk
(1923) obtained diffuse growth with soaps. This was
however accdmpanied,by a l§ss of pathogenicity.,

The Tween élbuminlmedium was developed to
obtain‘moré adequate methods for the bacteriological and
immunplpgical study of tuberculosise. Although gmong the
léést fastidious of the microqrganisms in £he1r metabolic
requirements,,in vitro growth of these organisms‘has
necessitated relatively large inocula and long periodg of
incubatipn even in the presence of g:owth promoting substances
such as serum, egg yolk and potato extract. The medium

consists of a basal componeﬁt to which Tween and albumin

were added.

Basal Component

Briefly 1té composition contained mixtures of Na



=55

and K phosphates which provided a sétisfactory buffer
systeme A slightly acid reaction is desirable since
initiation of growth appears to be optimum at pPH 6.4 -
6.8, Enzymatic digests of casein were found to supply
the most favorable source of nitrogen for the growth
of the tubercle bacilli, Thg caséin digest medium is
fortified by the addition of asparagin, glucose or
glycerol. These substances increase the total amount of
growth but do not appear to facilitate its initiation,
The basal medium also contained traces of the metallic salts,
MgS04, CuSO4, ZnSO4 and CaCl2, |

The addition of certain water soluble-1lipids
was found to exert’two actions on the growth of the
mycobacteria, First, the wetting of“the‘bacilii thus
rendering them Qispersible in water which allows diffuse
homogeneous growth to take place., It is thought that
this may also stimulate the growth by facilitating
exchanges between the organisms and the environment,
Second, the enhancement of growth by a readily available
non toxic source of long chain fatty acids. kThé wetting
agents consist of long chain fatty acids which are used
for certain industrial purposes because of their surface
activity (detergency and wetting properties}. Of the
different preparations tested those marketed under the
name of Tween 80 have been found to be most satisfactory

and give the most reliable results. Tween 80, a



polyoxethylene derivativg of sorbitan monooleate is a
viscous amber fluid which is soluble in all concentrations
.1n,water and in the presence of}other constituents of the
basal medium. It is stable to autoclaving. However,
aqueous solutions of Tween undergo very slow hydrolysis
with the release of somé free fatty acid. There is an
1nhibitory effect on the growth of small inocula due to
this content of unesterified oleic acid. Three per cent
of the oleic acid (0.6 per cent of the Tween by weight)
in the commercial‘product Tween 1is nnestgrified.. Davis
(1947) descfibed a method fo: the chemical extraction of
fhe‘unesteritied fatty acid by which 80-90 per cent is
removed. The toxicity of the fatty acid is however
generally abolished by the use of crystailine albumin,
Whole serum has_been employed for many fears in
a variety Qf media designed for the culfivation of the
tubercle bacilli. 1t is known that purified serum aldbumin
enhanceg the growth of these organisms in syﬁthetic media.
This’growth promoting activity is greater than that of
extracts‘of eff yolk. _The growth eppears earlier, is hore
abundant and takes place from smaller inocula (Boissevain,
1940, Powelson and McCarter, 1944). Bovine albumin was
sélected for use in this medié since it demonstrated the
same effect as human and equine‘serum and was available

as a commercial product. Bovine albumin can be obtained

’
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as a desiccated product (designated as serum fraction )
prepared from plasma by elcoholic precipitation or as a
more highly purified crystalline product. At first it
was assumed that the albumin like most known growth
factors contributed a nutrilite which was absorbed by
the bacilli. It has however been demonstfated that the
serum albumin‘possesses a protective growth factor, By
binding traces of fatty acid in‘the media, it permits
initiation of ‘growth by the smallest possible inocula of
the tubercle bacilli, The bovine albumin fraction V
exerts two actions., Firstly, it protects the tubercle
bacilli against the bacteriostatic and bactericidal
action of a varlety of toxic agents, The detoxifying
power of the albumin is destroyed by the enzymatic
digestion or heating, as soon as the integrity of the
molecule is destroyed. It is usually prepared by
filtration of a five per cent solution through Selas
porcelain candles and added aseptiéally to the culture
medium,. Secondiy there is present in serum and in
bovine fraction V, a thermostable fraction soluble in
ethanol which markedly increases the grdwth yield of the
tubercle’bﬁcilli. This action is not exerted by highly
‘purified crystalline albumin. Commercial albumin fraction
V contains a small amount éf lipase which releases free
fatty acid in bacteriostatic concentrations from Tween 80.

In one to two weeks the lipase can hydrolyze enough Tween



to e;ceed the binding capacity of the albumine. The
lipase could be destroyed by heating for thiry minutes
at 56°C. To avoid coagulation it is"necessary either
to neutralize the albumin pH 5,6 or to dissoive in
two per cent saline,

Semisynthetic medium containing giucose, Tween
and bovine serum albumin fraction V, sterile incubation
for fourtesn to tﬁenty one days at 37°C destroyed the
capacity of the medium to support the growth of even
large inocula of the tubercle bagilli.' Because of the

interaction of the compohents of the medium, the albumin
and Tween are generally added to the basal liQuid:just
prior to usee. Grown diffusely'inksﬁbmerged liquid culture
in the presencé of Tween 80, the mycobacteria retain their
characteristie morphology and staininges This is true even
when maintaihed over'a year with repeated transfers in
liquid media. Return of‘thesé cultures at any time to
standard media (egg yolk) causes reversion to a granular
type of growth., In addition mycobacteria grown in the
presence of Tween 80 are_extremely virulent for mice,
guinea pigs, chick embryos énd are able to elicit the
production of aggiutinins for the homologous cultures.

No significant proportion of cells in a seven day culture
in Tween albumin media is sterile. This contrasts with
the high proportion‘of_sterile cells found in surface

growthe This feature alone would make its use advisable

EE



for experimental procedures.

There are several drawbacks for its applicafion
to diagnostic primary igolation. Tween 80 is rapidly |
hydrolyzed in the presence of tissues or tissue fluids
and there is no convenient technique for abolishing the
lipolytic activity of these materials, Also, the growth
requireﬁents of the different strains of tubercle bacilli
which éccur'in‘pathological material'vary. Corper and
>C§hn (1948) ﬁaiﬁtained that the use of this medium was
encumbered by a technigue which might lead to erroneous
deduction for practical clinical purposes, They did not
consider that.liquid culture media were as delicate or
as expeditious forbuse in the cultivation of pathological
material, as are tﬁe solid media, |

Dubos (1947) stated that dispefsed growth is not
necessarily an advantage for diagnostic worke. Viruient
tubercle, inoculated into casein digest albumin media
without Tween, grow in the form of long strands; because
of the large size and characteristic morphoiogy, the
strands can be identified under the low power of the -
microscope.,

The albumin Tween media were studied for‘the
cultivation of tubercle bacilli with regards to growth
rate and initiation of growth from minimal inoculaj it
wds proposed that the tubercle bacilli collected on a
suitable filter membrane by the method described in this

thesis be cultivated on solid albumin tween media.



Dubos (1947) liquid media was used for the

cultivation of tuberclé bacilli., The formula and

preparation of the medium is as follows:

BASAL MEDIUM

KH2P04
Na2HPO04.12H20
Asparagin

O

O WO
RR KR

This was added to 100 cc of distilled water and was

dissolved by heating,

To this was added
Distilled water

Enzymatic digest of

850 cc

casein

(Trypticase - a pancreatic

digest of casein)

1.0 g (20cc of a 5 per cent
solution)

Ferric ammonium citrate 0.05 g

MgS04.7H20
CaCl2
Znsb4
.Cuso4

The pH was adjusted

0.01 g (one cc of a 1 per cent
solution in distilled
water)

0,0005 g f{one cc of a 0,05
per cent solution in
distilled water)

0,0001 g (one cc of a 0,01
per cent solution in
distilled water)

040001 g {one cc of a 0,01
per cent solution in
distilled water)

40 6,5 with N HC1l and Brom cresol

purple. The medium was autoclaved in 90 cc lots.
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ALBUMIN

| 'Bovine plasma fraction V was prepared in a
five per cent solution in two rer cent sodium chloride,
to prevent‘coagulation, was filtered through a Seitz
filter.pad and heated to 56;0 for fhirty minutes to

inactivate the serum lipase.

TWEEN 80
The detergent was prepared in a 10 per cent

solution in distilled water and autoclaved,

GLUCOSE -

A 10 per cent solution was prepared and

autoclaved,
(a) Liquid media

The 1liquid medium was made up as follows:
90.cc §f‘basal’ﬁed1um
10 cc of 5 per cent albumin
0e2 cc of 10 per cent Tween 80
940 cc of 10 per cent glucose
All four constituents were prepared separately
and added together just prior to use, for reasons given
in the diéeussion;df the‘medium. It was dispensed in
five cc lots in screw caﬁped test tubes 18 mm in diameter,
The\inodulum was made up as described in the

preparation of inqéuium:aﬁd was expressed in terms of dry
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weight or number of bacilli as determined by counting
chémber.’ The medium was 1ﬁoculated with calibrated
Pasteur pipettes, Growth in liquid medium was examined
microscopically and recorded in bacilli per high power
‘field. |

The media were'investigated rorithe growth
rate and the initiation of growth from minimal inécula

of adid'fast bacilli,

(1) The growth rate of tubercle bacilli in Dubos albumin
tween liquid medium was compared td that obtained in
Petragnani's egg medium. The results are recorded in
Table XV, |

‘Table XV

The growth rate of mycobacteria in Dubos albumin
' tween medium compared to Petragnani medium

) S ) B.CusGe mg
Medium Growth - - _
___indays 102 1073 107% 107% 107% 1077 1078

Dubos liquid 9 - +eeX 4y +4+ 0 - -
14 - +4+4 - +4 ++ ++ - -
21 - ++4+ +++ ++4+ +++ - -

Petragnani 9 - ++4°  + + 0 - -
14 - +++ + + 0 - -
21 - FT +et e+ +4++ - -

Dubos liquid 6 + (+) sl 0 0 0 0
14 +++ ++ 4 ++ + +4 (+) 0

Petragnani 6 +++ 0 0 0 0 0 0
14 +++ ++ ++ ++ ++ 0 0

*Growth +++ = 100 - 500 bacilli per fileld, ++ = 10 - 100 bacilldi
per field, +=1 - 10 bacilli per field, (+)= occassional bacillus
per field, ©° the number of +'s indicated the gross appearance
of growth, (+) = slight, O = no growth, - = omitted.

of gro
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Summary of Results

Although it is-evident ﬁhat a more rapid
growth takes place on Dubos medium the initiation of
growth from smaller inoculum leaves little to chose
between the two media used. The results are not very
encouraging as inocﬁla with quite large numbers of

organisms give no growth,

(1i) The effect of the presence of Tween 80 on the
growth rate of virulent tubercle bacilli was
investigated.,

The Tween allows a.diffuse growth to take place,
but dispergion is not required for our purpose in the
cultivation of the tubercle bacillus, The medium was
prepared by the standard formul and the inoculaﬁion of
the medium was carried out as described previously.

A

The results are recorded in Table XVI,

E L
v
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Table XVI

rhe effect of Iween 80 on the Zrowth rate and size of
inoculum of virulent tubercle bacilli

Growth ingoculum_in mg

in days 10~2 10-3 10"2» 10°° 10°% 1077 3108 10-9
Tween 7 - 0 0 - 0 0 0 0
14 - + 0 - 4] 0 0 0
21 - ++ 0 - 0 0 0. 0
No Tween 7 - 0 0 - 0 0 0 0
‘ 14 - R + - + 0 0 0
21 - +++ ++ - * . + (+) 0
Tween 14 - - 0 0 0 ") "0 0
28 - - + (+) 0 0 4] 0
No Tween 14 - -, * + 0 0 0 0
28 - - 4+ ++ + (+) 0 o)
Tween 10 - + 0 0 o 0 0 0
21 - ++ 0 0 (0] 0 0 0
No Tween 10 - + + + 0 Q 0 (4]
21 - ++ ++ + + ] 0 0
Tween = 7 + - 0 0 0 0 0 0
14 ++ - ++ + 0 0 0 0
No Tween 7 + - 0 c 0 -0 0 0
, 14 T+ - ++ + + (+) Q 0
Tween 10 0 - 0 0 0 0 0 0
o 14 + - 0 0 0 0 0 0
No Tween 10 + - 0 0 0 0 0o 0
i 14 + - + + + + .0 0.

For key to readings refer

to footnote of Table XV



Sunmary of Results

Growth in media containing Tween 80 was
submérged and diffuse. In the media containing no Tween
the growth occurred in granular'masses-somewhat reéémbling
that of certain Streptococci; the liquid above remained
‘dlea; and shaking did not bring‘about a homogeneous
susﬁensiono it is evident that the Dubos medium without
the Tween supporﬁed the growth of tﬁe mycobacteria better,
both from the aspect of rapidity of growth and the
initiation of growth from small inocula. Dubos (1947)
stated that sufherged diffuse growth is not necessérily
and advantage for diagnostic works, ©From the results, it
.would seem that the medium without the Tween would be
preferred foi this work. The antagonistic effect of the
Tween is perhaps due ﬁo the hydrolysis of the Tween to a
fatty acid which is toxic to the tubercle bacillus, While
fhé ﬁoxic effect of the Tween makes it:détrimental for
inclusion in a diagnostic médium, it is still invaiuable‘
for mahj types of experimental wdrk, especially fprrthe
prodﬁction of an easilyrdispensablé suspensionnof | |

mycdbacteria which grows fairly rapidlye.
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(b) Solid media

e Agar

| Because of the advantages of a solid medium for
diagnostic primary isolation and the success of Dubos
1iquid medium for giving fairly rapid growth 6f minimal
inoculas, Dubos liquid medium with agar was investigated

for use as a so0lid medium.
The following medium was prepared

Dubos Basal mediunm 90 cc (with 0,05 g ferric ammonium
citrate per litre)

Agar (Difco) v 1.5 g

Tween 80 10 ocer csent 0,2 cc

Autoclaved and cooled to 60°C

Add:

Albunin | 10 ¢cc of 5 per cent

This was poured into petri dishes and slants were prepared.
The growth rate of dilutions of tubercle bacilli on Dubos
agar medium was compared with that of Petragnani's mediums

The results are recorded in Table XVII,.
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Table XVII

The effect of agar in Dubos medium on the
Growth of acid fast baeilli

[

B.C.G. in ng

Medium \ Growth -3 -5 :
in deys 1072 107° 10”% 10 10-6
Dubos Agar 7 . +: + 0 0 -
14 + + + + -
Petragnani 7 T + 0 -
14 4+ +++ ++4+ +++ -
Dubos Agar 14 | - ++ - + +
. . : 21 - T - + +
Petragnani 14 ' - v+ - + +
: 21 - ++ - + +
Dubos Agar 7 - ++ T+ 0 4]
e 14 - ++ ++ + +
Dubos 9 - ++ + (+) 0
Liguid 14 T - ++ +4 ++ ++
Petragnani 7 - - ++ ++ + 0 0 0
14 - ++ ++ ++ ++ 0 0 0
Dubos Agar 7 - + (+) 0 0 0 0 0
14 - ++ + + + 0 0 0
Petragnani 7 - + -0 0 .0 Y 0 0
14 - ++ ++ + + + 0 0
Dubos Agar 7 - + - (+) (+) 0 0 0
: 14 - + - (+) - (+) -0 0 0
Petragnani 7 - 0 - 0 0 0 0» 0
14 - 0 - 0 0 0 0 0
Dubos Agar 7 ++ 0 0 0 0 0 0 0
14 +++ ++ 0 0 0 0» 0 0
Dubos 7 e +e 0 0 0 o 0
Liquid 14 tHE Hrt 44 + (+) 0 0 0

For key to

readings refer to footnote of Table XV
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DISCUSSION | . .

Dubos (1947) advocated the addition of 1.5
per cent agar to the constituents of the liquid medium
for the production of a solid culture medium., It is |
well known that the addition of agar adds no beneficial
- material to the nutrient gualities of a medium for tﬁe
cultivation of ‘the tubercle‘bacilli and may even be
détrimental. The inhibitory effeci of the agar has been
shown by Ley énd Mueller (1946) to be due tovlong chain
fatty acids which are removable by extraction with methanol,
Dubos (1947) reported that the toxiec effectvcould also
be nuetralized by the addition of 0,5 pervcentlsérum
albumin, The ﬁse of agar requifed a higher concentration
‘of iron than is present in liquid media, since agar can
bind the iron in a form which is no ionger available to
the microorganisms for growth. Dubos (1947) reported that
growth of the bacilli present‘in human pathological materia;
could be readily obtained on albumin tween aéar media and
evidence was accumulating that the use of'these quia would

prove useful for routine bacteriological dilagnosis.

Summary of Resul;s
An inocula of 10"6 mg produced satisfactory growth

in fourteen days in Dubos media containing agar. The agar



media did not disclose any Edvahtages~over that of the
standard egg medium, Petragnani.lAIn fact the egg medium
is to be preferred sigce it sﬁpported growth up to an
inoculum of 10~7 mng.

The experiménts in which the inoculum was also
set up with Dubos liquid medium establish that the use of
the liquid medium is superior both f§r the rapidity of
gfowth and the size of inoculun which initiaies growth,
In one Set-of experimenﬁs gfoﬁth in Dubos tween albumin
8

liquid media was demonstrated with an inoculum of 10~

mg in fourteen dayse

be Whole egg and egg white

" In an effort to modify the Dubos medium by
solidiricétiqn, without the impairment to the size of
inoculum which would initiate growth, the use of whole
egg and egg white was studied,

Schwabacher (1937) reported that egg white had
no marked bactericidal action and that the failure of
acid fast bacilli to grow in its presence was due to its
high alkalinity; 4if this was neutralized the development
of the bacilli occurred. However, the nutritive value of

neutral egg white was much less than that of egg yolke.

The following medium was prepared.

# l. The standard medium containing basal component with

5 perceht albumin, 0.02 per cent Tween and 10 per cent



glucose was added to an equal quantity of whole egg -

slightly beaten, This was then tubed and inspissated
(-]

at 80 C for fifteen minutes. The whole egg medium was

prepared with and without Tween,

#‘3. The standard Dubos medium containing the basic
ingredients was/added to an equal Quantity of white of
egg slightly beaten, This was prepared without
édjusting the pH and with a‘pH of g.5 It was

. o
inspissated at 80 C for fifteen minutes,

The growth rete of dilutions of tubercle
bacilli on the whole egg and egg'ﬁhité media was compared
with that on Petragnani's medium, Although there was
no marked difference in the growth rate obtained between
the whole egg Dubos medium with and without Tween the gross
appearancé of the colony variéd; vOn the egg medium
contaihing’Tween the colony appeared as a soft discrete
sémitransparent colony resembling Streptococcus. On tha
egg medium without the Tween the colony was small dry,
scaly with a corrugated surface, The results are

tabulated in Tables XVIII, XIX, XX and XXI.
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Table XVIII

The effect of whole egg and egg white in Dubos medium
on the growth rate of the tubercle bacilli

B.CusGos in mg
Growth ’ '

Medium in days 1073 107% 1075 10-6 1077 1078 109
Dubos 14 e e 0 0 o o 0
Whole egg 21 tHE e et 44 0 0 0
Tween 28 ++4 +++ +4+4+ +++ +4++ t++ 0
Dubos 14 (+) 0 0 0 0 0 0
Egg white 21 + (+) 0 0 0 0 0
alk pH = 28 + (+) o 0 0 0 0
Dubos 14 44 ++ (+) (+) 0 0 0
Liquid 21 e+ +e+ + (+) 0 0 0

28 +++ +4++ + + 0 O O

For key to readings see footnote of Table XV

Table XIX

The effect of whole'egg and egg white in Dubos medium
on the growth rate of the tubercle bacilli

BeCueG. in mg

_ Growth
Medium in days 1072 107% 10% 10"5 106 1077 1078 s5x10-8
Dubos 7 + + + + 0 0 0 0
Whole egg 14 + + + + + + 0 0
No Tween 21 ++e 44+, +++ ++ +++ ++ + +
Dudbos 7 + 0] 0 0 0 0 0 0
Egg white 14 + + 0 0. 0 0 0 0
PE 6.5 21 +4++ 4 ++ ++ + + 0 0
Petragneni 7 ¢+ + 0 0 0 0 0 0
‘ ' : l 4 + + + + + + O 0
21 +4+4 +++ +++ +++ ++ ++ + (+)

. For key to readings see footnote of Table XV

.
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Table XX

Comparison of the}growth rate of acid fast bacilli in
Dubos whole egg solid medium as compared to Petragnani

B.C.G. mg

Growth - -2 :
Medi um in days 10 103 10"% 10-5 108 10~
Dubos 14 ' 4 ++ ++ ++ 0 )
.Whole egg 28 +++ +++ +++ +++ + +
Petragnani 14 +t++ ++ 0 0 0 0
‘ 28 +++ +++ ++ + + 0
For key to readings see footnote of Table XV
Table XXI
The effect of Dubos whole egg medium on the
initiation of growth of minimal inocula
- Growth Numbers of virulent tubercle bacilli
Mediunm in weeks 50 40 - 30 20 10 5
Dubos } 4 0 0 0’ 0 0 0
Whole egg 6 + 0 0 0 0 0]
Petragnani 4 0 0 0 0 0 0
6 ++ 0 (+) 0 0 0
Dubos 4 + o 0 0 0 4]
Whole egg 5 + + 0 0 0 0
[ + + + + 0 0
Petragnani 4 -0 0 o 0 0 0
5 + 0 0 0 0 0
<] + 0 0 0 0 0

For key to readings see footnote of Table XV
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Summary of Results

The use of whole egg added to the Dubos liquid
medium for solidification appears to be advantageous and
would appear to be suitable for the routine diagnostic
cultivation of the mycobacteria, An inoculunm of'10-4 ng
BsCeG. on the whole egg medium gave rise to growth in
seven days, as compared with an inoculum of io'z mg on
' Petragnani's medium and 10-1 mg on the egg white medium
for the same léngth of time. The whole egg incorporated
in the Dubos medium can be used for the cultivation of
minimal inocula, as demonstrated by the repeated growth
obtained with 1078 mg. The growth in the Dubos whole
‘"egg medium is usually accompanied by the appearance of
the colony in & shorter time, This medium appears to
have good possibilities but further investigations
including pathological material are necessary for it to
be accurately assesq@d.

The use of egg white for solidification gave a
white slént on which the acidvfast bacilli did not grow
with great ease, Although the pH.appeared to be an
important factor, since much better.growth of the tubercle
bacilli was obtained when the pH of the media was
.adjusted to 6.5, it is probable that other factors have
an important bearing on the efficacy of growth, The egg
‘whité medium is definitely not as promisingAas that of

whole egg medium from the point of view of rate of growth,



10'7 mg requiring twenty one days, and the initiation

of growth from minimal inocula.
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F ANIMAL INOCULATION:

Aninmal ;noculation control experiments with
reference to the partition of tubercle bacilli by oil
from a saline suspension, were carried out to correlate
the number of bacilli which cause an infection in an
animal, with the size of inoculum which would yield
growth in a culture medium. These experiments were

carried out with minute inocula.

Procedure

“Virulent tubercle bacilli, estimated quantitatively
by countingvchamber, were suspended in vaccine bottles
containing ten c¢c saline to which 0.5 cc olive oil was
addede This mixture was shaken for five minutes and
centrifuged in an inverted position for ten minutes.
The o0il supernatant was withdrawn into a syringe by means
of a long needle., Fifteen guinea‘pigs were injected
subcutaneouply into the groin with the oil supernatant, Five
sets of inocula were prepared and three guinea pigs were
1njected with each set., After eight weeks the guinea pigs
were autopsied and examined for tuberculous lesions. The
amount of lesions in various organs is recorded in Tablg

XXII. Cultures from the organs were planted on Petragnani's

medium,
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Summary éf ﬁésnlts

The tubercle bacilli, part;tioned in oil,,rfom a
saline suspension containing 10 - 100 oréanisms or more
iegula:ly,gévé rise to tuberculous 1nféction in guinea
, pigs.‘ One of three guinea pigs; injected with oil from a
saline suspéhsion'containing 1 - lO organisms caused a
tuberculous infecfion; but if theée animals head femained
longer than eight weeks before autopsy, lesions miéht
have developed;

The results éonfirmed the efficient collection
of tubercle bacilli from a saline suspension by pérfition
with oil, The production of tuberculous}inrecfion with
such small numberskqf organisms demonstrates that‘#o
inhibitory action was‘exéfted by the 0il on the virulence

and visability of the tubercle bacillus.
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III CONCLUSIONS

An efficient method for the isolation of tubercle
baéilli, by their partition into olive oil from a saline.
suspension; has béen adequately demonstrated by cultural
and animal inoculétion experimenté. The consistent
initiation of tuberculous infection in guinea pigs from
injections of olive oil, which‘partitioned very small
nﬁmbers of tubercle bacilli from a saline suspension,
illustrates that the viability énd the virulence of the
acid fast bacillus is not impaired; and therefore, this .
method of isolation is applicable to cultural work.

' The fat solvent, showing the least lethality on
the tubercle bacilli, required for the recovery of the
0il collected bacilli, was found to be acetone, Next
best weré benzin and beniene.i Ether is toxic to tubercle
bacilli.

The principle of the retention of tubercle bacilli
partitioned in oil, by riltratioﬁ through Seitz filter pads,
with the use of a qbn toxic fat solvent, was established
by the growth of the bacilli on the filter pad, when planted
in Dubos albumin tween media. However, a more suitable
filter membrane is requiréd'beforo this mefhod can be used
routinely. Further investigations are being carried out for
a filter membrane which would bé'more convenient and allow

the ecultivation of smaller numbers of bacilli,
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p
.Dubos albumin tween medium solidified by

inspissation with equal quantities of whole egg, allows
the growth of Qmall numbers of virulent tubercle bécilli:
this»medium could be used with advantage for the
cultivation of the mycobacteria as isolated by the
partition method. : »

A method for the isolation of tubercle bacilli

has been demonstrated.
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