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¥u2TA LED METHODS OF CULTURE ADAFTED TO THE REANIMATION XAND
uuil‘.JICATION YIN VITRO" OF A.YCUJALTBRIUM TUBERCULOSIS
¥ RSDUCZD VITALITY, EPHEMEXL.L VIABILITY OR
IN A STATE OF QUIESCENCE

Annalas do ’1”***1tut Pr-.zup -P. J. Coletsos

(Annals of ihe rasteur eur Institute)
YO].. 99, 2. ‘*‘75"“95. 1960

The hierarchy of values in the isolation and identification of

E ysobacteriun tubereulosis (“. t.) in order of increasing sensitivity is
. as follows:

\

a, 2~‘icr’oscopi¢ examinations;

b) Culture on favorable media;

- ¢) -noculation into laboratory animals, the guinea pig in pare
: ticular.

, Si..ca the arrival of the antibacillary agenta we Sece a progres=
sivo inversion of the preceding rule. :

- 1. In mary cases, the sensitivity of the guinea pig 1s less than
that of a ewlturs. This possibility is very frequant. we kmw. with
Ii.. -rgsa.stant bacilli.

2. In other cases, whoss nuzber increases each year, while ¢ "mple‘

nicroscopic examinations show bacilli and sometimes in a considerable

nusber, it i3 not rare to find nothing with culture and guinea pig inocue
lation.

These failures, with bacilli which are morphologically intact for
nicroscopic examination, do not seem to conform and are in discordance
with the clinical and epidemiological data.
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On_the cliniecal plane, with the persistence of active anatomo-
radiological lesions being the rule, the pathogenle role of these bacilli
for the man who harbors and eliminates them, cannot be doubted.

On_the enid-mioloedcal plane, Some observations are troubling:

i. While rost of the conilaminating agents spread mono or poly=
resistant bacilli, it is exceptional that strains, isolated from patients,
recently affecicd and not yet treated, are, at first, resistant.

2. cn thouch chronie tubereulars eliminate mostly INd-resistant,
and thus avv.mcnt. bacilli. their entourage is exposed to risks of cere
tain contanination.

3. Statistically, in spite of the reduction of tuberculosis
morta](.ity in considerable proportions. tuberculosis morbidity is still
high (1)

All of these questions remain unanswered and the acceptance by -
tlologists of the possibility of bacilli called “visible but non-viable®
makes the explicat.ion and interpretation of these facts still more diffi=
cult.

Thesa biological. clinical and epidemiological problems are dis-

“tinet 4n ¢ zppearance but directly dependent on the bacillus. They seem,

however, w be joined together:
1. In the fundamental heterogenicity of bacillary populations.

2. In biological (metabolic, enzymatic, etc.) modifications
caused in bacilli by the systematic use of antibiotics.

3. In the reszression of the vitality and virulence of most
strains of }¥:t,, & ngrossion which does not need to be exclusively and
intezrally attributed o sntibacillary agents but all the measures which
are part of the antituberculosis fight.

These ideas, strictly concerning the }, %, m_m culture, raise
anc justify a certain numsber of questions:

1. How can we pretend to assure, in viirg, the ideal physiologi-
eal conditions, the needs for salts and mineral catalysts, the vitamins
and organic substances which are indispensable for all and each of the
elements vhich compose a bacillary population?

2, Would the vital needs be the same for the bacilli spontanee
cusly expulscd from the organism (expectoration, urine, fistulised
ranslion, and those taken by force by puncture, biopsy or surgical
excisloni
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Is it rational to envision identical conditions of life:

a) 'For bacilli living in the lung in free communication with the
bronchials, and those imprisoned in encysted loei?

b) For bacilli in a multiplying phase and those in a "quiescent
statel"

3, How con wa effectively supply the multiple and cormplex neodo
of bacilli wiica have been expcsed during varying times and in various
degrees to the harmful effects of chemotherapy?

: If, as > should, we take these different factors into considera=
tion (the cultural failures being there to remind us), we are lorced to
adnit that a2 single polyvalent cultural medium will not be simple or
easy to produce.

The bacteriologist, searching for a satisfactory answer to the
questicns above, must apply himsglf: >

1. To assure the perennity of bacilli which transferred in _vitre
have a reducnd vitality or an gphemeral ,viability, Example: these
microcoloni . which aborti on the spot or painfully arrive at a macro-
scopic state after a prolonged incubation, and which are little viable
because thcy cannot be transferred.

2., To reanimate the bacilli, which persist and live slowly in
the orgzriom:  the bacilli in a guiescent state (2, 3) responsible for
relapses, also little or noneviable in vitre.

2. To make morphologlcally intact bacilli which are disturbed in
their mc.zbolism and biosynthesis aptitudes to the point of being ine
capaole of utilizing the nutritive elements present in our cultural
media, live outside the organiam,

In that respect the hypothesis, according to which these bacilli
would find substances shose nature is difficult to Catermine in the
huzan body, presently seems well founded.

Also, before reviewing the methods to remedy thesse difficulties,
we Lave tried to analyze and study two large orders of factors:

1. Extrinsic factors (&); 4

2, Intrinsic factors (5) of if,t,, responsible for cultursl
failures on standard media.

Parallclly'. we have tried to.oxplm the mechanism of going into
quioscenca for {{,1, and we have experimentally demonstrated the possie
bilaty of reanizating these bacilli ipvitre (3, 5).

| .'3. -
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From all of our research these facts stand out:
a) The hammful effect of extrinsic factors;
b) The importance of intrinsic factors;

¢) The necessity of not forgettinz the fragility and vulnerabile
ity of L.t. ir regard to physical. chemiczl and medicinal agents.

The:: considerations seem indispensable 1o us to place the probleam
of the baciili called “visible and non-viable" in its correct propors
tions.

WINTERSTIMULATION" PHENOMENON

Ono of the particularities of bacilli vith reduced vitality and
viability is the "interstimulation" phenomenon.

By t.'s term, we mean the mutual reenforeins of the vitality of

banilli i+ -rouns in relation to their survival difficulties in a dis-

nersod Ut g uhte.

w.t2 bacilli having nommal vitality, in progressive "dilutions,*
actually rore and more extensive dispersions, the number of colonies
decreases in a regular manner, with profit, for the "dilution" which
follow ‘2 in relation to that which precedes. Example: for 500 colonies
at 10~ mz., we will often have 60 to 80 colonies at 105 and 8 to 12
colonies at 10°° mg.

Tais is due to the fact that growps of J to 10 bacilll each give
tirth to a colony, in the sarie way an isolated unit and grouwps of 2 or 3
bzcilli give the same result.

.. addition of a spreading agent (Tween 80) in the bacillary
8\13“8!!8.053 nakes the decreasing curve more regular; however, s slight
- advantam persists for the intermediary "dilutions,” which disappears
_for the hi;h “dilutions* where tho ruk in the division ot units is
OrBQC 10

e baci.lli vith a dininishod vitality and in ddentical inocula-
tion tec...iques, there is an inverse phenomeron. IExample: going from
& baolllary suspension shich gives 50 colonies per tube, to the followe

4ne 1/10 dispersion, the success of the culture is risky or se 9, oome
,pared to a oonstantly positive culture of a strain with normal viability.

- If, in addj.tion. the dispormn eoincidoc with transplantation

RS

~ {enanre of media), ti. shenomenon beocouss even more remarkable and tuné- '

m..i.ng u aluaya mgauvo unlou hrgo b«uhr.r conoentrations are

oo u..»cd. .
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The "interstimwlation" or "growp effect® i3 also manifested in
some circumstances in bacilli having nornicl viability. Example: the
success of a y.llicle (veil) culture on Sauton's ncdium, which requires
a state of intimato contiguity between the different portions of the
inoculant. I actually suffices to disperse the inoculant on the sur=
face of the mcdia or to prevent the contiguity by very weak vibrations
for the pellicie eulture to fail completely.

The Minisrstinulation” or Y"zrowp effect! also oceurs in vive,
for examplc in the release of o per..:nent"l tntcreulosis in little recep=-
tive lahorotory animals (rats, mice), wherc inocuiations of small amounts
of bacilli produce no effect.

Isn't there reason to establish a relation between these biologie-
cal circumstances and the cases of first infections occurring in the
immediate entourage of patients eliminating bacilli reputed to be
avirulent or ron-viable?

Consequanily, during the transplanting of bacilll from their
usual life mediun to a very diiferent and less favorable medium (this
is alw.ys the case for a first culture), the "group effect" can be use=
ful for uvacilli with a normal vitality and absolutely indispensable for
baeilli © " :a a reduced vitality, because they support and reenforce each
other.

V.U this line of thinking and with the goal of improving the
chances ol success with the first culture, we have attempted to prove
the role of extcrporancous contributions of live or dead bacillary
bodics 1o inoculation.

v uhis, we wsed elther dead vacilli, or human or bovin. type,
or...r . type, killed by tyndallization or U.V. radiation and with
the wub lin (unfavorable factor for ;_gzm:n culture) remove ., or
edi.cr 1ovo bacilli not growing at 33° C (. balpei type).

7.y s1allness of the results obtaincd in both cases can be
atisbu 1 o the destruction of enzymes during tyndallization and to
anzy..at.e differences between [, balned and ., t,

: x“MHMJ__c_nM[ggjon for tha first cultura: a3 much as possible
evoid dic . .rsion of the bacilli present in a patholorical product each
tizu the *-abil:.ty and vitality of the bacilli in it are doubted.

CHOXCT OF A FAVORABLE XEDIA FOR THE FIRST CULTURS OF

0 purcly sclentific plane one can only be satisfied with the
“Guvelopi . of one or more synthetic media which assure the in vitre
culture o. n,cnu called normal and those called "visible but non-
Vinb&o.

Ao v oA A T S 4 st e
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thile waiting for this to occur through the combined research of
biochemisis and bacteriologists, two types of media seem presently to
answcr best the requirements of the f,t. first culture.

1., TH® SENI-SYNTHETIC M3ZDIA. == Those of Dubos (6, 7, 8) and
Yomans (9), ina 13 iquid state assure an accelerated multiplication for
Y.t. Tt is tinc normal that media ol this type, solidificd by the addi-

tion of arar, "2 used for the first culture of et (10, 11,. However,
their use iz limited by the fact that:

a) Frequent contaminations: unfortunately, the addition of
penicillin to protect them has a prejudical effect on the develc;ment of
bacilli with reduced vitality and viability; the same ocewrs with
malachite green when it is added in a_titer higher than 20 pefend while
in egg meditm, the titer of 200 pz/cmd (ten times higher) does not have
the same aicadvaniages.

b) Their lower sensitivity compared to that of the egg medium,
Jensen's rmediun in particwlar, for the isolation of ¥,t. from pathologi=
.eal products (12, 13, 14).

¢) Difficulties with morphological evaluation and individual
study of ¢ colonies.

2, THE SOLID E3G MEDIA. == Since Dorset's media (15), many
preparations have been proposed: Lowenstein (16), Herold (17),
Petragnani (18), American Trudeau Society A.T.S. (19), Jensen (20).
0f all thuse media the most sensitive, incontestably is Jensen's with
0.75‘0 g.ng c3rin.

NEDIA ADAPTED T0 THE FIRST CULTURE OF M, tuberculosis
HAVING A REDUCED VITALITY AND VIABILITY

A5 oarly as 1950, thus before the discovery of INH, certain cule
“ tural failures from ically extracted material led us %0 search for
the posumlo causes (21),

“Elcevhere, certain Oontamimuons. sither by nold or other gems
have the .artiowlarity of lowering the pH of th. medium, consequently

yieldod sositive i3, culturos while the intact tubes remaincd negative.

Also, in scmo positive M, $, tubes we found a manometric deprossion of

" =10, =20, and = 30 on of vater while the hamologous tubes with normal
o pmauro m.aimd negative. These tw facts led us to studys - :

| 1.1 The role of the substances secreted by the contamination
gomsg o - : .

2, T influsnce of pH of the mediu on Yyk, during insubation;

i R
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J« The role of an atmosphcre poor in 02 (5, 22).

Parallclly, we tried to study the influence of some well cefined
chemical proc.u‘.ts, vitanins, amino aclds and a ranze of vegetal, microbial
or animol exiructs or i‘.ltrate.: cn the culiure of [, t.

have borne rostly on bacillary
the collection : “rains being

Qur cim-riments these last 10 years
popWlatic.oc Jouuly coming direstly fron
little de.onsirative under the circusstances,

k]
: hday

Our ~o2l was to identify and selcct the products or substiainces
foeverable w0 tae devc‘opment of tacilli having a reduced vitalivy and
viavility.

The ~roz58ive Slowness of owr investigations was dus (o the fact
that:

a) The culture of uysgonic bacilli, in the etymological sense
of the tciii, citen takes tarece or more ronths;
‘o} 1,.9 products which are non=preojudicial to the cdovelopnent of
pormal bocilii and favorable for bacilli with reduced vitality, a.v
rau‘er roves

\

t O

a0 margin between the tareshold ol activity and the
thre no w o tolerance for each of thece products and substances is veu s
Line Wid ic the case for in, vitunins and a number of wiing acics (/.3).
;f.sa. v2 wore not astonished that instead of vitamins cnd asino
ac;’ SIS wacle inconsistenty and olten coniradictory effects, we proe
Jeosd s wse oligoclements whose role as catalysts capable of stariding
v *~___ -05y:..ae548 is much more interestins.
. oiium pyruvate and glutamate as well as litmus blue (iadapasear
14, .wnsi Lolid our atiention and becare part of tho base mediun we proe
gu-. be. .cve of their stimulating action on 3 wids range of (i, (24).

rolc of os.ein in the ...ec.ur.z wnl be doseribed !.‘u'thcr one

G base mediuwn aliays assures tio ir vitrg developscnt and multie
pilootios ol tue larze rajority of bacilli with normal or slipfiatly ree
Gue.d v. lity. Tno composition and proparation xnethod of this xr.edim
e rdve. oa the following pazes.

~vv«". for somo bacillary zopulations mosily composed of tueilld
wistdrbod dn their metabolisa and enzymatie functions, and
el «:i8, incopable of syathacizin: An vitm, the ciicznorancous
R ot of substances havin- or;;.‘nic ve -atal (nue..mws.
PRIt -';.s-l;\n). nicrobial (exiracts - btedins of coiiio.n ferms or
o auseal (orcan extraets) omg ~¢’ % mmensalles

” . -
v faein

.-7-
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But the selection of substances of organic origin is still deli-
cate and difficult, because they are subject to more variations taan the
well defined chemical products,

In conclusion, if we have opted for monkey organ extracts, cer-
tainly the delux solutions, but imposed by the very particular require-
ments of the "visible and non-viable" bacilli, it is because the organ
extracts from other less precious animals -- rabbit, guines pig, veal,
etc. == have besn found to be less effective.

Table 1. =~ Total composition

Pasteur Institute T.B.C. Medium
Base Mediua (Composition)
For 1 liter of eggs,| For a 100
ylelds 1,600 liters | al. medium
of medium yield
Monopotassium phosphste 2.4 g. 0.15 g.
Magnesium sulfate 0.24 g. 0.015 g.
H‘mai\. citrate 0.6 g 0.03?5 g
L Asparagine 3.6 g. 0.225 g.
Sodiwm Pyruvate 1.6 g. 0.1 g
&di‘- Glutamate 106 g Gol g
Litsus blue R.A.L. 0.4 g. 0.025 g.
Anthracite Ashes 0.16 g. 0.01 g.
Oligzodynamin solution 1.6 =ml. 0.1 ml.
Bidistilled glyocerin 12 al, 0.7 n=ml.
Potatoe~starch 16 g. 1 g
2% Malachite Oreen 16 al. 1l al.
Distilled water &0 al, 27.5 al.
¥, p 6.8 steril casein 160 =al. 10 al.
Eggs {Mo 800 al. 5 al.
yolks 200 al. 12.5 al.

B0 _nadiim (bese medium + 20§ exuded ossein)
"mns cage” Calture

Same oomposition as the base medimm, only the ossein titer is
different: use 160 mi. of 205 ossein instead of 160 md. of ¥ ossein
in the bese mediwm.




CONSTITUTING BLEMENTS

Solution of salts
(For 1 1iter of eggs or 1,600 liters of mediwm)
Pour into a pyrex balloon flask:

mepOtass‘.m PM’ph‘u “e0e00r00000 0000000000000 2.4 g
:'ia?nestm Sulflto CE P IS 00 e 0 0000000000000 0008C0000C0CS 002“‘8
Far 51um CALIat® secececcocsvecnvsscnsscossosssessncsns 0.6 £
lASparagin $ 000 000006000000 0000000000P00000O0OYSIIOIINTSL 3.6 g
Sodium Pymt‘ $ 000000000000 000000000 0000000000000 0CTS 1.6 g
Sodium Glutamate cceveseavccrccccvcrcnseccscrsssrscanne 1.6 g
Litnus blm. hymwlm. lichens R.A.L: ceevsssccccers 0.‘& '3
Bidistilled wum 0000000000000 0000000000000 0000000 12 nl
Distilled WRLEI cvvcovcccsccssscccacvccsncrcsrsocosocasns 440 ml

To be dissolved by heat in a boiling water bath (the ocolor is that
of an onion skin). The pH is &.4,

(25)
See note

Note: The complete original formula contains (504)qFe2, 50 g. per liter,
at the head of the list, which w eliminated.

RO .. 1 006 ml

SOMn THO ... 3 g
SOCE THAD . .. i e e 0,5 g
ChNi 8H O ... ... ... e 005 g
CUCO BB L e 008 g
(SO0 Th cooeenana e 0. g
SOZa RO ... e 010g
SO BB .. o e 0,08 g
SOGI M0 ... 0l0g
BOMRE ottt i e 008 g
SOM: OB ... ... . 1 ml

Pour the different products in water in the adove indicated order
and agitate each time.

( )A;iuu energetically after the final addition of sulfuric acid
lal.).

Wait 15 minutes.

Filter on paper.

Divide into S ml. ampules and flame-seal them.
Autoclave X minuntes at 110° C.
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Preserve in the freezer at 4° C.

Duration of preservation: one year or more.

(1.6 ml. for 1 liter of eggs or 0.1 ml. for 100 ml. yield or
mnedium).

Qther olizoelements -- Outside of those contained in ossein, those
contained in very finely sieved anthracite ashes, sterilized in a Pasteur
oven (0.16 g. per liter of eggs or 0.01 g. for a 100 al. yield of aediwm).

4 ossein for base mediwm
(to be prepared in advance)

Pour 960 ml. of distilled water in a large receptacle with a large
opening. Heat in a water bath at 100° C.

Gradually add 40 g. of ossein (orude gelatin) while stirring with
& glass rod,

After it is completely liquefied, bring the pH to 6.8 with the
help of a 6% cau-tic soda solution, in the presence of an indicator.

Filter in a heated state, under a vacuwa, on paper and in a
Buchner filter.

Still in a heated state, divide the ossein in Pyrex balloon flasks,
with 80 and 160 ml. per flask.

Autoclave for 30 minutes at 110° G, raising the temperature very
slowly aftsr the ligquefication of ossein in a 37° C oven for one hour,

After autoclaving, close with a rubber stopper to avoid evapora~
tion and store in rvkness.

Always verify the appearance before using: clear yellow ocolor,

matuled mt‘r [ IEEEEE NN NNENNENNNE NNNY NN NN mﬂ.
Ossein (cm’ gelatin) eessecssssecssscesee £00 go
Same preparation as for 4% ossein.

After neutralization to pH 6.8 and autoclaving 30 minutes at 110°
C, divids in Pyrex balloon flasks with 80 and 160 ml. per flask.

10 -




| lacqusred blood, the pieces of liver are mainced with scissors and re-

(For “double layer" culture)

A young cynocepbalus monkey, fres from all infimities and para-
sites and having never served for cther expeviments, after general
anesthesia with chloroform, is bled white by cardiac puncture and section
of the two carotid arteries.

The liver is removed after laparotomy performed with extreme
precautions for surgical asepsis.

The bile vesicle and the hepatic canals are fully excised and
aliminated.

The liver is immersed in tepid sterile distilled water. It is
then cut into small pieces and weighed.

After rinsing in sterile distilled water to eliminate the
duced ‘o pulp.

Add three times its weight of bidistilled sterile water (300 al.
of water for 100 g. of liver).

Filter through two thicknesses of gaute.

Distribute in tinted ampules.

Then seal.

Tyndallize in the oven at 54=56° C.

Nake sterility test.

Preserve in the freezer, at 4° C. Delay of utilisation: six
ronths. For kidneys, same preparation processes. For the brain, grind

and add six times its weight of sterile bidistilled water. The extracts

of lyophilized organa are slightly less active than pulp preserved in
the freeser, at &,

MEDIA PREPARATION METHOD.

I. == In a Pyrex balloon flask, having a 3 liter capacity, con-
taining glass balls and 16 g. of potato-starch previously sutoclaved 30
minutes at 120° C, add the solution of salts prepared in advance.

The flask is placed in a3 boiling water bath and is agitated ocon-
stantly until oomplete homogenization (about 15 minutes). The
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temperature of the water bath is then lowered to 56° C and maintained for
one hour.

II. -- A few minutes before taking the flask from the water bath,
add 0.16 g. of finely sisved sterile anthracite ashes and 1.6 g. of A.
Berthelot and G. Bertrand's oligodynamic solution to the potato-starch
~salts mixture. Agitate energetically and leave for a few minutes at
56° C (the rosy tint of the mixture will intensify).

III. -~ Fresh eggs (from a supervised fam) with white and dark
shells, are grovionsly brushed in running watser and immersed in non-
denatured 90” alcohol for one hour and are then broksn one by one a

Moured into a graduated cylinder. :

Measure 800 ml. of whole eggs and 200 ml. of yolks alone. These
eggs are bsaten ard homogenized for 10 minutes with the help of & glass
rod.

IV. == Pour the homogenized eggs into the solution of salts taken
from the water bath 15 minutes earlier to avoid the formation of clots
fron e):ontact with a too hot solution (the mixture is the color of caramel
cToam) .

V. == Filter through gauze (three thicknesses) with all sterile
precautions.

Before passing to the following steps which oonstitute the final
operations in the medium preparation, a triple choice is offered:

a) Either prepare all as base medium (B);
b) Either prepare all as BO mediun (base + exuded ossein);

c) Either, as we recommend, prepsre half as base mediuam (B) and
half as B0 nedim,

Eirst cholce:
s) ZIotal yolume made into base medium (B).
For thiss
1. In a balloon flask containing 160 ml. of 4% ossein, sterile

" and at pH 6.8, previously liquafied by water bath heating or by a 30

minute stay in a 37° C oven, pour 16 m. of 2% malachite green and agi-
tate energetically.

2, Pour the Uf ossein mixture + malachits gresn in the flask
containing the eggs and the solution of salts and sgitate just until
th. nedium has an homogenous color.

-12 -




3. Place the terminated medium in the oven at 37° C. for an hour
befors preceeding to the division into 170 x 17 ma. potched tubes.

second cholce:

b) m (base + 208 exuded ossein).

For this:

Add 16 ml. of 2§ malachite green to a balloon fiask con
160 ml, of 20% sterile ossein having a 6.8 pH (previously litustfied).

Then procesd exactly as for the base mediwum.,
dhird choice:

¢) Half of the volume made into base medium (B); half made into
BO medium.

*,... 8 ml. of 2% malachite green and 80 ml. of 4 ossein. Stir
energetically and place the flask in the oven at 37° C. for an hour.

In_balloon flask II (BO media for the "sous cape" culture).
To 710 ml. of media add a mixture of 8 ml. of 2f malachite green

and 80 mi. of 20% ossein. Agitate energetically and place in the oven
at 37° for an hour.

DISTRIBUTION

~ Pistribute the base medium in flask I and the PO medium in flask
~iI separately and successively.

The mediwm, after a one hour stay in the 37° oven will be agi-

tated energetically and then distributed into sterile 170 x 17 mm. tubes,

notched at 6 em. from the neck, with 6.5 ml. per tube.

It is important to agitats the flask from time to time durin
distridbution to avoid sedimentation of the medium, .

Coagulation will be produced by humid heat (coagulator saturated
with purified water vapor) in a single session, at 85° for 45 minutes.

sTranslator's note: The last four lines of page 486 were
oovered by another page when the xerox was made.

“1l) -




The media will be coagulated in a strictly horigoptal position, the
5 mm deep notcs nakes this operation very easy. Surfice offered for
culture, 15 eu®.

OSSEIN EXUDATION OF THE BO MSDIUM.

Only the BO medium, having received 20% ossein will exuds a por-:
tion of this ossein at the lower portion of the medium. To obtain this
exudation, operate as follows:

As soon as they leave the coagulator, the tubes containing BO
mediun are arrangsd in a strictly vertical position very clcse to each
other, in a box with several racks and placed in a warm room or in a 30°
oven for about 12 hours.

This finished, the tubes are cappsd. A 0.3 ml. gel oceugies the
bottom of the tubes which will be preserved in the freezer at 4’ while
the tubes of base medium (B) can be stored anywhere after coagulation.

We believe that all the egg media should be preserved shielded
f”n;m daylight because 2 few hours exposure lower their sensitivity to

For media which must be inoculated within eight days after prepara-
tion, preservation in the 4° freezer has no advantage.

RESPECTIVE INSTRUCTIONS FOR THE MEDIA
AND CULTURAL METHODS

In a very schematic manner the respective instructions for the
media and the cultural msthods suggested are the following:

1. For bacilli called or thought to be nomal, coming from
respiratory tracts (expectoration, gastric tube, bronchio-aspiration,
laryngo-tracheal samples) and in a general fashion for all the becilli
in active multiplication, the best results -- in nmber, rapidity of

appearance and luxuriance of colonies -~ are obtained
Lng.mm“_qmm in the usual manner.

2, For bacilli having an extra-puimonary origin (urine, L.C.-R.,
S.F. discharges and biopsy samples) the best results are obtained by
"sous cape” culture of BO medium (base medium + 20% exuded ossein on
the lower portion of the medium). By this method the bacilli are
covered by a thin pellicle of ossein which protects them from oontact
vith atmospheric air during the initial phase of culture while allowing
dﬂiun to have acoess to free air after a certain number of cellular

visions.
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This cultural method facilitates the in vitro development of
"quiescent” bacilli and the bovis variety of M,{,, which as we know,
preferably causes extra-pulmonary lesions,

3. Zlutritive double layer” culture, and especially culture in
the presence of organic extracts coming from the monkey, sSeems to be
indicated and more effective when ths bacilli are suffering and incape
able of pronounced ip yvitro biosynthesis,

This cultural method is produced by introducing V drops of monkey
organ pulp, prepared and preserved as above, into tubes of base medim
(B) or BO, just before inoculation.

INOCULATION TECHNIQUE

Of all the precautions given (4), the most important are:

1, Stop antibiotic therapy the days which preceda the sampling.

2, Use fresh samples.

3. Never use 9 per 1000 salt water, or physiological water, in
~ the manipulations.

L, Avoid rapid and extensive centrifugations.

5. Avoid homogenisation purification for sterile samples
(L.C.~R., sterile S.F. liquides, ets.).

6. Treat the infected products for the minimum of time with the
weakest concentration of the homogenising substance.

7. Place the media in the 37° oven for 30 minutes in a vertioal
position before inoculation.

8. Make sure the culture media are never exposed to sunlight.

9. Use enough tubes: four tubes for each variant which will be
%mcnht«)i. preferably with a greduated pipetts, with 0.25 ml. per tube
See nots).

10. Cap the tubse immediately, the residual humidity being
favorable for the culture starting, and place them in the oven in a
horizontal position aligned either on a rack providad for notched tubes,
or on a plateau provided with a full glass rod placed under the notch
of the tubes,

1 If BO medivm (base medium + ossein conveyed and exuded by
the nedimm) 1s not used, it 15 still very easy to have a "sous cape"
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culture. For this, to several tubes of coagulated base medium add V
drops of 4% previously liquefieu ossein, in a sterile manner and before
inoculation.

Note that along with monkey organic extracts, all types of asso-
ciations with vitamins or other substances can be produced extempo-
raneously.

RESULTS

They are a function of the origin, the nature and the physio-
pathological conditions of the bacilll in the sample.

Colony gopearance. == In comparison with Jensen's medium, the
colonies are more humid and their morphology varies according to the
sample: sprgad. raised, crown shaped or depressed in the water (sheet I,
Fig. 1 and 2).

Precocity. == In relation to Jensen, they are all the more preco-
cious as the bacilli which give rise to them are more disturbed in their
motabolisn, The advance is not very significant for normal vitality
bacilli but is on the order of one to several weeks for lacking and
dysogonic bacilli. '

Luxuriance. -- No matter shat naturv and type of bacilli are used,
the size of the oolonies obtained is always greater than on Jensen's
medium, It varies from 1 t0 10 mm in diameter and the weight of 5 mg.
per oolony is rapidly reached and passed.

DNymbar. == It constitutes the most important element to compare

o the sensitivity of the two media. Lere again the difference is all the
~ larger between our media and Jensen's medium as the cultural difticul-

ties on the latter are more jronounced.

1. TFor bacilli ooming from respiratory tracts in free communi-
cation with the bronchials, not attacked by antibiotics and having a
normal vitality, there is little or no difference between Jensen's
nedium and the base medium, both asuring a surface culture.

On the other hand, and then only for repidly luluplnng bacilly,
the colonies are definitely fewer on the BO medium ("sous cape" oulture)
and on medis enriched with organ extrsots ("double layer oulture®).

Thin is dus to the fact that the normal becilli in active multi-
plication need more air than supplementary stimulating substances.

2. For bacilli of extra-pulmonary origin and bovine type becilli,
the number of colonies is sometimes equal on Jensen's mediwmm and the
base medium, but the sppearance of macroscopis eclonies on the base
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medium and B0 ("sous cape" culture) is always one to several weeks
earlier. DBesides, the slze of the colonies is two to four times greater

3. For the bacilli in a "state of quiescence," for those attacked
by antibiotics and a2 _forti-ri for bacilli deeply disturbed in tic neta=-
bolism -- bacilli called "visible and non-viable" -- the cultural differ-
ences are such that there is no cuestion of establishing a parallel
(sheet ITII, Fig. 5 and 6, sheet IV, Fig. 7 and 8).

Actually culture on our media, and in particular the "sous cape"
and the "double layer" cultures can yield a surface colony one to several
weeks earlier and give a nunber of colonies two to ten times higher. In
some cases the culture is positive, wnile it was uncertain (non-
transferable colonies) or completely necative on Jensen's medium.

In conclusion: the viability and vitality "potential® of bacilli
coming directly from the organisa being unknown and unforeseen, the
heterogenicity and the heterotrophy for all bacillary populations attacked

by antibiotics being the rule, the single culture method can no longer be
considered as sufficient.

Also taking into account the very particular requirements of
bacilli disturbed in their metabolism, the use of even richer media than
the usual media and varied cultural methods (surfzce, "sous cape" and
“double layer") are necessary.

In proceeding thus, even with bacilli called "visible and non-
viable," the cultural failures will become completely exceptional.

DISCUSSION

From our personal verifications, one fact stands out: among the
bacilli reputed to be non-viable which are reanimated by "sous cape" and

"double layer* culture, all types, from sensitive to poly-resistant can
be represented.

The qualitative and quantitative study of the sensitivity o
antibiotics and the total or individual catalistic activity of the
colonies obtained from bacilli apparently non-viable, testifies to the
diversity and the heterogenicity of these strains.

The hypothasis according to which the bacilli reputed to be
"visible and non-viable" would be a priorl and almost necessarily INi-
resistants, is not confirmed by these facts.

However, taking into acoount that resistance to INH is very fre-
quent, it 1s completely nommal that among the "reanimated" strains we
wuld zeet more INH resistants.

~-
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On the other hand, it appeared to us that among bacilli which are
difficult or impossible to cultivate on usual media, a number were stimu-
lated by very weak titers (0.05 - 0.1 pe) of PAS (para-aminosalicylic
acid) (probable salicylic effect) (26, 27, 28).

Elsewhere, the revealing of quiescent and sensitive elements in
a population, which is resistant in its immense majority, is not sur=-
prising. Likewise, the possibility of a possible selection by means of
transplantirs or passage to a guinea pig is not to be set aside, the most
vigorous elements having precedence over the others.

As for us, we belleve that the reanimated bacilli are in the image
of what they were when they entered quiescence.

In spite of appearances, it would be inexact to say that there is
the possibility of a mutation of the avirulent towards the virulent, by
mear.s of particular cultural conditions.

Clinical evolutions occurring in patients eliminating non-viable
bacilli which we had "reanimated" a few weeks or months before:

a) attest to the permanence of virulent bacillary units or group-
ings in the heart of populations reputed to be avirulent or non-viable;

b) confirm the advantage of varied cultural methods to uncover
these bacilli;

¢) invalidate the little likely hypothesis of a mutation of
avirulent bacilli to virulent bacilli.

(a) MAL-3E
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Fig. 1.

Legend: a - Patient BX; b - Ouinea pig; ¢ - Jensen's
medium; d - Institut Pasteur Mediwm




with this goal and to remove all hypothetical fear of a return to
virulence by the avirulent strains -- by means of our media -- we per-
formed the following experiment:

Guinea pigs were inoculated with BCG (bacillus Calmette-Guerin)
from Jensen's medium and with 3C5 which had been passed several times on
our medium. !

Jlo difference between the two lots of guinea pigs was noticed, of ‘
brief or long duration. ;

“hat we can advance with certitude is that in many cases our
media constituted a "relay" between the huran organism and the ruinea t
pir orpanisz on one hand and between the bacillus laden patholorical :
product ard the usual media on the other hand. This can be schematized !
as fowiud in Figure 1.

However, it happens that inoculation of the organs of guinea pig,
which have been tubercularized by bacilli reanimated on our media, into
Jensen's media fails partially or totally and that "sous cape® or
"double layer'" culture will again be necessary to recover the strain.

]
{
!
SUMMARY !
i
In the light of our irvestigations, it appears that the bacilli ‘
described as "visible and non-viable" are actually bacilli of reduced |
vitality, of ephemeral viability or "in a state of quiescence." "
0ften enoush surface culturing on the usual medla is insufficient,

being incapable of ensuring their development.

To remedy this, we have prepared an egz-medium enriched with \
oligo-elements, pyruvate and glutamate of sodium, and ossein.

This basic medium which is more sSensitive than the Lowenstein-
Jensen medium, can be used for three zetaods of culture:
': 1. 3urface culture (basic medium) such as usually practiced, :
assuring the development of bacilli of nommal or only slightly reduced
vitality.

2. "Sous cape" culture (basic mediux + exuded ossein = BO):

a) FProtects the bacilli from direct contact with air in the
initial stage,

b) Accelerates the growth of bacilli of extra-pulmonary origin,
o) Reveals bacilli which are in a state of qQuiescence.

. - H




3¢ ltlouble laver" cultuss (basic medium or 50 medium + extracts

of monkey orrans added to the surface);

a) Favors the growth of bacilli with greatly disturbed metabo-
lism, '

b) 3Stimulates the multiplication of "quiescent bacilli,*®

¢) Ensures the reanimation of bacilli hardly able to realize

biosynthesis in vitro and &b_vivo (in puinea pigs) and for this reason
considercd as noneviable until today. o

“he demonstration dn vitro of quiescent bacilli, the reanimation
of bacilli considered until now as non or only siirhtly viable, the cone

firmation of their Pathogenicity for guinea Pi¢ . throw new light on

certain problems of a pathogenic and epidemiological nature which had
not previously been solved.

BIBLIOGRAPHY

1. Berrard (E.), Lotte (Klle A.) and Pretet (5.), Bull, Acad. ped,,
1959, 143, 462,

2. Jerson (K. A.), Bull. Uniox intern. Tub,, 1952, 22, 16.

3. Coletsos (P. J.), Oriot (E.). Regel (N. de) and Machavoine (X. G.),

a‘l11| Acgd. Hﬂg.. 1959u 1“3. “79.

4. Coletsos (P. J.), Oriot (S.), Repel (N. de) and Machavoine (M. G.),
» 1959, 97, 13s.

5. Coletsos {P. J.), Ortot (E.), Regel (K. de) and Xachavoine (K. 6.),
wmm' 19590 97' 2100

6. gzboal(n. J.) and Davis (3. D.), L0220, Ned,. 1946, 83, 409; 1947,
» 215.

7. Dubos (Ro J-). L_m‘_m‘o 19“?0 850 9; 19“80 880 73.

8. Dubos (R. J.), Davis (3. D.), Middlebrook (G.) and Pierce (C.),
o 1966, Sb, 204,

9. Youwnans (0. P.) and Karlson (A. 3.), dn._Ray, Iub,, 1947, 55, s28.

10. Dubos (R. J.) and xiddledrook (0.), Am, Rey, Tub.. 1947, 56, I,
Lorxp, Ked,, 1948, 88, 61.

11. Dubos (R. J.) and Noufflard (Mlle H.), Ann. ILst, Pastewr. 1950,
78, 208,




12,

13.
1k
15.
16.

17.
18
19.
20,

23.

¥elvin (I.), Klein (3. C.), Jones (N.) and Cummings (M. X.), An,
Rev. Tub., 1951, 63, 459.

Calmels (J. R.) and Boisvert (d.), Apn, Inst, Pasteur, 1952, 83, 338.
Berte (S. J.) and Tucker (%. B.), an. Rev, Tub,, 1960, 81, 595.
Dorset, J. Am, ied. Assoc., 1902, 555.

Lowenstein, Deut, lied, Wschr., 1930, 1010. 2bl, Bakt,, 1931, 120,
127.

Herold (R. D.), J, inf, Dis., 1931, 48, 236.
Petragnani, poll, Ipst, sier. milap., 1926, No. 3, 173.
American Trudeau Society (A.T.S.), An. Rev. Tub,, 1946, 54, 428,

Jenser (K. A.), Zbl, Boxt,, 1932, 125, 222, Acta Tub, Scand,, 1940,
14, 125. 2ull, Upion intern, Tub,, 1954, 24, 81.

Coletsos (P. J.), C. 3. Conf. intern, Xadrid, 1954, 374.

Middlebrook (G.) and Cohn {¥. L.), Am, J, publ, Hlth, 1958, 45,
84k,

Ficner (M. W.), Am, Rev, Tub,, 1954, 69, 797.

Coletcos (P. J.), Ga Ba Acad, Sci,. 1959, 248, 3497.
Jerthelot (A.), Bull, Soe, Chim, biol., 1934, 16, 1553.
Berrmheim (F.), Jo Bagt.. 1941, 41, 387.

Lebmarn (J.), Langet. 1946, 1, 15.

Bonicke (R.), Bull, Unien intern, Tub.. 1957, 27, 131.

-21-

- ——— = - e




Sneet I

e

va—

Usual macroscopic appzarance of bacillary colonies.

GRAPHIC NOT REPROMICTRT

. N
1 %
=i
cw
i N
s b}
- - . (] ,
P
. <
.
i e s i+ < s mani e ot e ,M‘
3
i
H

Fig. 1 =~ Jensen's medium.

i

1

N i, e 7 s ht, N

Siaacan |
\

A

R Y S L M

b menes

[ u...‘ ;. 5 - gl ,\W .MhM.\..H
3

1

LR e P LI,
. s

..\.w....w. .

>3

. ]
g a4 e s e e

-

S

T ety

T S A Ot o i

B el o

B e P e

PR

4
%
)
y

MILIEUX TBC. INST.. PASTEUR

Ao

Fig. 2 <« On Institut Pasteur TBC medium,

P ]

- emnsem vy

k]

22

e et g oy

e DT I e e




—r— -

B OV PN

A
At e

Uttt v, (s S ] o msnd

A
1
?
1
’( N
1
4
'4
}',
n
.
B

Sheet II

§.
t
H
3 -
H
i
! -
H
t ; ‘
] .
[
1
N h
* dmrrnh B o 3P Nttt PN e

Fig. 3. ¥r. 5... Surgical sample (tudberculosis f the wrist).

B

!
com o

)
H

From left

Yo rizht: Jensen's medium, 2 tubes: negative culture: base mediwn (sur-
face culture), 2 tubes: 8 colonies; 50 medium ("sous cape®), 2 tubes: 16
colonies; 3F5 medium (nutritive double layer culturs), 2 tubes: 60 colonies..;d
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mediun ("sous cape"), 3 tubes; 9 colonies; BFS mediunm (nutritive double

layer culture), 3 tubes; one colony.

-23 -

N




comtag ey

A e s e I R gt g adey M ae e, e e e

P

o

Pt eter !

ANt NS iy 1Y

G iicd - adeer 28

e

{
%
]
&
&
2
&

Loe e,

5
2
w !
SN . e e —— N
PN . - H { & Y
K | YN TN TN i N N
i ! ; v ' ' |
\ ! o o by ol -
! ! ; Loy { i . vt
o P, — ——an. Do ! O

. l w
; ‘ ! >
-
! \ f qw)
K} . . A
! : . : 3 m
[ : v L 3
‘ S R oy T ! o~
¢ 3 b Yoy 5 L
§ ¥ : i B : R
L T
: : b b ‘ Co -
L o { L 4
: ! b i : -~y
. v . H . ! . ?
o Lo R : Q
a.-—d. .M - ‘hu‘n ku-.u- wood _ ‘.ld»ud e l 3

Fig. 5. Nrs. K... Expectoration (microscopic examination: 2 bacilli per
field). From left to right: Jensen's medium, 2 tubes: rare colonies at ';U
the limit of visibility, non transferable; base medium (surface culture),
2 tubes: 30 colonies of which 15 are eugonic; BO medium ("sous cape" cul=
ture), 2 tubes: 40 colonies, of which 25 are eugonic; BFS mediwm (nutri-
tive double layer culture), 2 tubes: 50 to 60 colonies per tube of which
50% are eugonic,
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Fig. 6. M¥r. C... Urine (chronic renal tuberculosis). From left to right:
Jensen's mediwn, 2 tubes: one colony; base medium (surface culture), 2
tubes: 5 colonies: BFS mediuwm (nutritive double layer culture), & tubes:
80 to 100 colonies per tube.
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Fig. 7. Mrs. V., Expectoration (macroscopic examination: 2 to & bacilli
per field). From left to right: Jensen's medium, 2 lubes; 2 colonies at
the limit of visibility; base medium (surface culture), 2 tubes; 3 ziant
colonies; BO medium ("sous cape" culture), 2 tubes; 10 large colonies;
BFS mediuwm (nutritive double layer culture): 12 large colonies plus 20
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Fir, 8, Mr. K... Expectoration (microscopic examination: 50 bacilli per
field). 1. Culture on Jensen's: necative several times; 2. On base redium
(surface culture): one colony; 3. Culture in the presence of organic ex=
tracts: 2 colonies; 4. Organic extracts + Vit. K: 150 to 200 colonies per
tube; 5. Organic extracts + traces of P.A.B.: & oolonies per tube.
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