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WHO Co-operative Studies on a Simple Culture
Technique for the Isolation of Mycobacteria
1. Preparation, Lyophilization' and Reconstitution of a Simple

Semi-synthetic Concentrated Liquid Medium; Culture Technique;
Growth Pattern of Different Mycobacteria

LADISLAV gULA'

Tuberculosis surveys are in progress in many countries that do not have adequate
laboratory facilities for carrying out complicated bacteriological procedures. As part of
a WHO co-operative research programme, studies have been undertaken with a view to
developing a simple culture technique for the isolation ofmycobacteria that does not require
elaborate equipment. This paper is the first report on these co-operative studies.

Storage and transport are known to affect adversely the viability of Mycobacterium
tuberculosis in pathological specimens, thus giving rise to poor culture results and indicating
the advisability ofculturing such specimens on the spot. The preparation of the efficient and
widely used Lowenstein-Jensen (L-J) culture medium, however, requires materials and
facilities that are not easy available in developing countries. In an attempt to overcome this
difficulty, the Tuberculosis Research Institute in Prague has developed a semi-synthetic
liquid medium that can be prepared in bulk, concentrated and lyophilized, and sent even to
distant laboratories.

The present paper describes in detail the preparation of this lyophilized medium, which
can be stored at room temperature for at least 6-12 months and is easy to reconstitute, and
discusses the growth characteristics of mycobacteria multiplied in it.

Experience in Czechoslovakia, where between 1953 and 1962 nearly 21 million cultures
have been made with the medium, has shown that it is quite satisfactory and even slightly
superior to L-J medium in certain respects.

INTRODUCTION

Since 1954, WHO has been undertaking extensive
epidemiological studies in East and West Africa in
order to find out the prevalence of tuberculosis in
different African countries and, on the basis of these
findings, to advise governments on the best medical
and economic approach to the control of tuber-
culosis. The technique used to examine representa-

1 Chief, Department of Bacteriology and Epidemiology,
Tuberculosis Research Institute, SrobArova 48, Prague 10,
Czechoslovakia.

tive samples of the population consisted in: a
Mantoux test with 5 tuberculin units (TU) of purified
protein derivative (PPD) tuberculin RT 20-21 and
with 1 TU of PPD tuberculin RT 23 with Tween;
X-ray examination with 70-mm films; and exami-
nation for acid-fast bacilli by microscopy and
culture.

Because of the shortage of adequate laboratory
facilities in Africa, sputum specimens collected from
persons showing X-ray lesions were sent to certain
European laboratories for culture. This procedure
did not appear to be satisfactory in that acid-fast
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bacilli were not usually isolated from microscopically
negative sputa obtained from previously untreated
persons with suspect tuberculous X-ray lesions. In
many cases, even specimens highly positive for acid-
fast bacilli in smears gave negative culture results.
This would be rather an unusual occurrence with
specimens from untreated European patients.
The factors leading to this striking observation

with African specimens were experimentally in-
vestigated (gula, Sundaresan & Langerova, 1960a),
and it was found that the poor yield in cultures was
mainly due to the conditions under which such
specimens were stored and transported. Even under
the best practicable arrangement, there was a time-
lag of 7-10 days between the date of collection of the
specimens and the date of culture.
To eliminate or reduce the effects of storage or

transport would entail culturing pathological speci-
mens on the spot or at a nearby laboratory. As most
of the laboratories in the developing countries are
not equipped to carry out complicated bacteriological
examinations, it seemed desirable, as a first step, to
develop a simple culture technique that could be
adopted by the existing laboratories in Africa without
much difficulty.
Many factors contribute to the complicated nature

of culture techniques. Chief among them is the pre-
paration of a suitable medium. The media used for
the cultural demonstration of mycobacteria are more
difficult to prepare than those used in other fields
of routine bacteriology, in which the usual diagnostic
culture procedures require only simple agar media
that are easy to prepare in large batches, sterilize, and
store. If it were possible to develop an equally simple
diagnostic medium, with a long expiry date, for isolat-
ing acid-fast bacilli from pathological material, great
progress would have been made towards simplifying
the bacteriological techniques used in tuberculosis.
Such a simple medium has been developed at the
Tuberculosis Research Institute in Prague, one of the
laboratories co-operating with WHO. This is the
concentrated liquid medium evolved by gula
(1948). Since then, it has been used successfully on
a very large scale in Czechoslovakia where, during
the period 1953-60, it was used for the culture of
14 763 317 specimens, 5.5% of which gave positive
results. During the same period, 2 984 139 speci-
mens were cultured on Lowenstein-Jensen (L-J)
medium, with a yield of only 3.6% positive cultures.
Thus it would appear that, in a routine examination,
the liquid medium produces a considerably higher
percentage of positive culture results.

The main advantages of gula's medium are that it
can be prepared in a large batch and that, owing to
the small quantities of chemicals in the basic solu-
tion, it can be concentrated tenfold without the for-
mation of precipitates. In this concentrated form,
the medium is sent regularly to the provincial labo-
ratories in Czechoslovakia, where, after it has been
diluted 1 : 10 with sterile 2% glycerolated water and
tested for sterility, it is ready for use. Another ad-
vantage is that it can be kept in the lyophilized state
for 6-12 months, even when stored at room tem-
perature. Whereas, in temperate climates, the
medium is quite suitable in its concentrated liquid
form, it should be lyophilized for use in tropical
countries, chiefly because it contains native proteins
that may deteriorate with storage at higher tem-
peratures. For this reason, a series of trials was
begun at the Tuberculosis Research Institute in
Prague to develop a method of lyophilizing the
medium, without detriment to its sensitivity, in such
a way that it could be reconstituted easily on the
spot.
The present paper describes the- preparation of

this lyophilized medium, the culture techniques in
which it is used, and the growth pattern of mycobac-
teria cultured on it, while a second communication I

presents data on its sensitivity in comparison with
that of L-J medium.

Further communications, describing, inter alia, the
use of the medium for isolating mycobacteria from
laryngeal swabs and determining the sensitivity-
to the major drugs-of mycobacteria isolated from
untreated patients, are envisaged.

PREPARATION OF THE CONCENTRATED
LYOPHILIZED MEDIUM

The medium is composed of a basic mineral solu-
tion, concentrated tenfold, in which the chemicals
are dissolved in ascitic fluid, in human or bovine
serum, or in 2-3 % of purified human or bovine
albumin, e.g., Cohn fraction V. Pleural exudates, or
even urine containing protein substances, may be
used for this purpose, provided that they are properly
sterilized by Seitz filtration and that the patients
from whom the specimens have been taken have not
been treated with diuretics.
As bovine serum is now most often used to prepare

the liquid medium, only the method of preparation
with this native protein will be described here.

1 See article by Sula & Sundaresan on page 607 of this
issue.
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(a) Composition of the basic solution *
Disodium hydrogen phosphate .
Potassium dihydrogen phosphate .
Magnesium sulfate .
Sodium citrate (neutral) .
Ferric ammonium citrate.
Enzymatic digest of casein, 10%.
I-Alanine.
Malachite green, 0.2% aqueous solution .

12.5 g

7.5 g

2.5 g
12.5 g

0.25 g

250 ml
0.75 g.
10 ml

* Quantities required for 1 litre of concentrated medium (or
10 litres of reconstituted medium).

Enzymatic digest of casein and a small amount of
l-alanine are used instead of asparagine to prepare the
concentrated basic solution because asparagine is
very difficult to dissolve, even in a normal concentra-
tion, and in a tenfold concentration, it could be kept
in solution only at a high temperature. The enzy-
matic digest of casein may be prepared on the spot,
as described in (b) and (c) below, or it may be re-

placed by a commercial product such as Bacto-
Casitone (Difco) or Protolysate (Mead and Johnson,
Evansville, USA).

(b) Preparation of enzymatic extract of hog pancreas

Two hundred grams of hog pancreas, freed from
fat and fibrotic tissue, are finely minced and mixed
with 250 ml of 96% ethanol and 600 ml of distilled
water. The mixture is vigorously and repeatedly
shaken, after which it is stored for three days at room
temperature before using.

(c) Preparation of enzymatic digest of casein

To a mixture of 90 g of cow's-milk casein and
450 ml of distilled water, 9 g of anhydrous sodium
carbonate and 90 ml of pancreatic extract (prepared
as described in (b) above) are added. The contents of
the flask are thoroughly mixed and made up to
1 litre with water. Finally, 10 ml of chloroform are
added as a disinfectant. The mixture is incubated at
37°C for 16 days or at 50°C for 3-7 days, during
which time the flask is shaken daily. After incuba-
tion, the pH of the mixture is adjusted to 7 and the
flask is kept for 12 hours at room temperature and
for another 48 hours in the refrigerator at 4°C. The
clear supernatant liquid is decanted and filtered
through sterile gauze, and the filtrate is stored at
3-5°C. It may be used within 6 months of prepara-
tion. In order to assess the degree of casein digestion,
the amount of protein nitrogen is determined by
Sorensen's method. The protein nitrogen usually
varies between 4.7% and 6.6 % and the total nitrogen
between 9.5% and 11.7 %.

(d) Preparation ofbovine serum
Ten to fifteen litres of blood are collected from the

slaughterhouse, preferably from heifers or young
bulls that were either tuberculin-negative or tuber-
culin-positive but without visible tuberculous lesions.
The blood is collected in metal -trays immediately
after the animals have been killed, and is then trans-
ferred to an enamel bucket in which it is stirred con-
stantly until it has cooled and coagulated. The bulk
of the fibrin mass is removed and the remaining fibrin
is removed by filtration through a metal sieve. Sam-
ples of defibrinated blood obtained in this way from
different animals are pooled and transported, under
refrigerated conditions in enamel vacuum boxes, to
the laboratory for further processing.

Centrifugation is carried out in a " Libela " cen-
trifuge at 2000 r.p.m. and the serum obtained is
immediately filtered in a " Carlson " portable filter
apparatus, using Seitz K5 clarifying sheets and EKl
sterilizing sheets. The sterilized serum is then poured
into blood-transfusion vessels and stored at -40C.
After 4 to 12 weeks, it is filtered again through KS
and EK1 sheets to remove the deposit that has
formed during storage. After this last ffltratibn, a
sample of serum is taken for measuring the -otal
content of proteins and for testing the capacity of the
serum to promote mycobacterial growth. Just before
the serum is mixed with the enzymatic digest of
casein, it is diluted with sterile distilled water,*to
obtain a 4% final concentration of proteins.

(e) Testing the pooled serum for its capacity to
promote mycobacterial growth
A basic solution is made by dissolving one-tenth

the quantity of each of the chemicals listed in (a)
above in one litre of distilled water containing 5 ml of
glycerol, and is then autoclaved at 120°C for 20
minutes. 900 ml of this solution are mixed with
100 ml of the sterile bovine serum to be tested,- and
the mixture is distributed, in amounts of 5-7 ml, in
16 cm x 16 mm tubes. These tubes are then inocu-
lated with suspensions prepared from the lympb;
nodes of tuberculous guinea-pigs and from pure
cultures prepared as described in (f),- (g), and (h)
below.

(f) Preparation of inocula for primary cultures
Two guinea-pigs are infected subcutaneously with

0.1 ml of a culture, 10-14 days old, of-strain H37Rv
grown in the liquid medium, and another two are
similarly infected with the Ravenel bovine strain or
with a routine pathological specimen or laboratory
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material containing tubercle bacilli. After 3-4 weeks,
when the lymph-nodes are distinctly enlarged, the
guinea-pigs are killed and the lymph-nodes are
aseptically removed, seared over a flame, and cut in
two. Usually they contain caseous lesions that are
liquefied in the centre. Smears made from these
lesions are stained by the Ziehl-Neelsen method, and
the approximate number of acid-fast bacilli is estab-
lished according to the following scale:

+ + + = More than 100
+ +=50 to 100
+ =Less than 50

acid-fast bacilli on the
average (singly or in
clumps) in each field

Two to three loops of the pus are then transferred
to a tube containing 5 ml of saline, and further dilu-
tions are made containing 10-1, 10-2, and 10-3 ml of
the original suspensions. For the experiments,
dilutions 10-2 and 10-3 are chosen if the smears con-

tain many acid-fast bacilli (++ +); if they contain
fewer bacilli (+ or + +), the undiluted suspension
and the 10-1 dilution are taken for the sensitivity tests.

(g) Preparation of inocula from pure cultures of
H37Rv and Ravenel strains

The strains are propagated in surface culture on

Sauton medium for 14-21 days and suspensions con-
taining 10-1, 10-5, and 10-6 mg (semi-dry weight) per
0.1 ml of bacterial mass are used as inocula.
The purpose of preparing inocula in this way is to

obtain specimens containing only a few viable acid-
fast bacilli for inoculating the test media. Otherwise,
when a heavy inoculum is used, even bovine serum

containing a large amount of inhibitory substances
may promote the growth of mycobacteria, and thus
provide no indication of the sensitivity of the
medium.

(h) Inoculation of the medium

Each of the following suspensions is inoculated
into 5 tubes of the liquid medium: 10-5 and 10-6 mg of
the H37Rv strain and of the Ravenel bovine strain.
In addition, two sets of 5 tubes are inoculated with
either 10-2 and 10-3 ml or 10-1 ml and undiluted sus-

pensions (according to the results of microscopy)
prepared from the lymph nodes of tuberculous
guinea-pigs. As positive controls for mycobacterial
growth another complete set of 6 x 5 tubes of a

commonly used egg medium such as L-J, Gottsacker,
or Ogawa is inoculated as above. In order to test the
bacteriological qualities of the chemicals-particu-
larly the glycerol-for supporting mycobacterial
growth, 5 tubes of the basic solution without bovine

serum are inoculated with a 10-1 mg suspension of
the H37Rv strain and another 5 tubes are similarly
inoculated with the Ravenel bovine strain.
The cultures are read after incubation for 14 and

21 days at 37-38°C. Usually, optimum growth is
observed at the first reading in the tubes containing
liquid medium with bovine serum inoculated with
both pure cultures and lymph-node suspensions,
provided that the bovine serum does not contain any
inhibitory substances. The colonies are well devel-
oped, measuring 1-2 mm in diameter and forming,
at the bottom of the tube, a deposit or thin
membrane that may be broken into isolated colonies
by shaking the tube. Otherwise the medium is
completely limpid with a slight green coloration.
The control tubes without bovine serum, which have
been inoculated with a 10-1 mg suspension of Myco-
bacterium tuberculosis (H37Rv) or Myco. bovis
(Ravenel), are usually positive at the second reading,
after 21 days' incubation. The colonies in the
control tubes, unlike those in the tubes containing
bovine serum, are very small, forming a dusty
deposit and no membrane at the bottom of the
tube. The green coloration is more pronounced in
the control tubes than in those with bovine serum.

Usually there are no marked differences between
the numbers of colonies grown on egg medium and
the numbers grown on the liquid medium. The
number of colonies in each tube is assessed and re-
corded as follows:

Liquid medium
+ + + + =Surface growth and sediment at the bottom

of the tube.
+ + + =Sediment at the bottom of the tube.
+ + = More than 20 colonies.
+ = 11 to 20 colonies.

Up to 10 colonies, the actual number is stated.

Egg medium

+ +± + =Confluent growth on the surface of the
medium; good growth in condensed water
and/or membranous growth.

+ + 4- =Confluent growth.
+ + =More than 20 colonies, without confluent

growth.
+ = 11 to 20 colonies.

Up to 10 colonies, the actual number is stated.

Batches of bovine serum are rejected for use in the
liquid medium when the tubes inoculated with
lymph-node suspensions are negative, or when the
number of colonies is one grade lower (e.g., ++
instead of + + +) than in the egg medium, even when
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there is the same degree of growth in liquid and egg
media inoculated with pure cultures of H37Rv or
Ravenel. This rejected bovine serum may, however,
be utilized in experimental work on the growth of
pure cultures. Bovine sera are usually very effective
in supporting growth; out of 703 batches examined
during the period 1960-61, only 11 were found to be
less sensitive than the rest, and a further 5 proved
unsuitable for the preparation of the liquid medium.
The same procedures are followed when ascitic

fluid, purified bovine or human albumin, protein-
containing urine, or pleural exudates are used
instead of bovine serum. In general, we found that
the best stimulation of growth was obtained with
bovine serum or ascitic fluid, and that a number of
samples of highly purified proteins were not suitable
or were quite unsatisfactory. Some were even
observed to inhibit growth.

(i) Preparation of the liquid " concentrate"
The pre-tested sera, mixed with the appropriate

amount of enzymatic digest of casein, are pooled to
make 10-25 litres, filtered through a Seitz pad, and
heated to 56°C in a water-bath. The chemicals com-
posing the basic solution are then added one at a
time, each being allowed to dissolve completely be-
fore the next is added, so as to prevent the formation
of complex salts that are difficult to dissolve. The
liquid concentrate is again sterilized by filtration
through a Seitz pad and is distributed in 150-ml
quantities among 500-ml blood-transfusion flasks,
which are then closed with cotton plugs wrapped in
gauze.

(j) Lyophilization
The apparatus used for lyophilization is the

"Frigera " (Kolin, Czechoslovakia). Rotation freez-
ing is done with ethanol at - 30°C to - 36°C. Lyo-
philization is effected within 26 hours: first the
medium is processed for 12 hours without heating, at
a starting vacuum of -500 it and a final vacuum of
-120 p, and then, for 14 hours, at a starting tem-
perature of - 30°C to - 36°C and a final temperature
of + 30-42°C. After lyophilization, the cotton plugs
are replaced by rubber stoppers covered with
aluminium caps.

(k) Reconstitution
All the technical procedures for reconstituting the

medium, especially transferring the liquid concen-
trate from the original bottle to the Erlenmeyer flask

and tubing it, must be carried out under strictly
sterile conditions over a Bunsen flame to avoid con-
tamination.

Preparation of glycerolated water. 7.5 ml of re-
distilled glycerol are added to 1450 ml of sterile,
distilled water contained in a 2-litre Erlenmeyer
flask which is stoppered with a cotton plug wrapped
in gauze. The solution is sterilized by autoclaving at
120°C for 20 minutes. After it has cooled, the
glycerolated water is mixed with the concentrated
liquid medium.

Procedure for reconstitution. The surface of the
rubber stopper of the original bottle is carefully
sterilized with 5% ethanolic solution of iodine or
some other efficient and rapidly evaporating disin-
fectant. When this has evaporated completely, 50 ml
of sterile, distilled, autoclaved water are injected into
the flask containing the lyophilized medium, a 50-ml
syringe being used. (The use of a syringe of smaler
capacity is not recommended, as this would neces-
sitate several injections, and contamination is more
likely to occur because unfiltered air may penetrate
into the flask through the needle each time the
syringe is being refilled.) The flask is shaken gently
to dissolve all the powder, while the syringe remains
attached to the needle to prevent air from entering
the flask. The concentrated liquid medium is then
withdrawn from the flask by means of the same
syringe, which is then detached from the needle.
The neck of the flask containing the glycerolated
water is flamed over a Bunsen burner and immedi-
ately afterwards the contents of the syringe are in-
jected into the flask by one laboratory technician
while another technician holds it in an oblique posi-
tion. The flask is then fitted with a tubing device,
which has previously been prepared and autoclaved
as follows:

Preparation of the tubing device and tubing of the
medium. Two glass tubes are inserted through a
rubber stopper, one to act as an air filter and the
other to act as a " dropper ". The portion of the air
tube inside the flask must be long enough for its end
to remain above the level of the medium when the
full flask is later turned upside down. The outside
end of the tube is connected by a short rubber tube to
an air filter. The inside end of the " dropper " tube is
level with the bottom of the stopper, and the outside
end is connected by means of a short rubber tube,
equipped with a clamp to regulate the flow of
medium, to a short glass tube through which the
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medium passes into the test-tubes. Before the tubing
device is inserted into the neck of the Erlenmeyer
flask containing the reconstituted medium, it is
wrapped in paper and autoclaved for 20 minutes at
120°C to ensure sterility.
The cotton and gauze stopper of the flask of

medium is removed over a Bunsen flame and im-
mediately replaced by the above-mentioned tubing
device, which should fit very tightly so as to avoid
leakage, and which should be firmly fastened to the
neck of the flask with a wire loop so that it cannot
fall out when the flask is turned upside down.
The flask of medium is then turned upside down

and fixed in a holder; 5-7 ml of medium are drawn
off into each test-tube, which is then closed with a
cotton stopper or aluminium cap.

Sterility test. In order to test the sterility of the
medium, the filled tubes are incubated for 24 hours
at 370C and are then left for a further 24 hours at
room temperature. Sterile medium is quite clear,
without any sediment, and slightly green in colour.
Contaminated medium is opaque or turbid and
contains some deposit, according to the degree of
contamination. In an emergency, slightly con-
taminated medium may be used provided it is first
sterilized by filtration through a sterilizing sheet
(e.g., Seitz EK2).

(1) Testing the lyophilized medium for sensitivity
The same procedure is employed as that described

under (e) above.

CULTURE TECHNIQUES

As soon as possible after they have been obtained
from the patients, specimens should be delivered to
the laboratory and cultured. While awaiting culture,
they should be refrigerated and well protected against
light.
Any technique for treating specimens that is

suitable for use with L-J and other solid media is
suitable for this liquid medium. Contaminated sputa,
gastric washings, and laryngeal swabs must be
cultured indirectly after treatment with alkalis or
acids. All other specimens, e.g., pleural exudates,
pus from cold abscesses, cerebrospinal fluid, liquids
obtained by joint-puncture, and biopsy specimens,
should be cultured on blood agar first, in order to
ascertain the presence or absence of contaminants.
If the specimens are found to be sterile, or if they
contain only a few contaminating bacterial flora, they
may be inoculated direct into the liquid medium in

addition to being cultured by the indirect method.
In this way, better culture results may be obtained,
particularly with specimens containing only a few
viable acid-fast bacilli, which are usually killed by
the acids, alkalis, or quaternary ammonium bases
used for pretreatment. If alkalis or acids are used,
the deposit after centrifugation should be neutralized
carefully to adjust the pH to 6.8-7.2-the optimum
for liquid media. The special technique previously
described (gula, 1959) is suitable for the isolation of
acid-fast bacilli, especially from paucibacillary
exudates. This technique is based on the culture of
the fibrin clot formed in the paucibacillary pleural
fluid when this fluid has been kept for 24 hours in an
Erlenmeyer flask or is directly injected into the liquid
medium. The same technique may be used for the
culture of cerebrospinal fluid. Another method of
concentrating acid-fast bacilli is to add a few drops
of a colloidal solution of aluminium hydroxide to the
liquid samples when no fibrin clots are formed or to
the sputum specimens or gastric washings before
centrifugation. Secretions from drained cold absces-
ses and surgical specimens containing large numbers
of acid-fast bacilli may be cultured without cen-
trifuging, using the swab culture technique pre-
viously described (Sula, 1944). Quaternary am-
monium bases such as Bradosol and Rodalon are not
suitable for pretreating specimens to be cultured in
the liquid medium, because even small amounts of
these chemical compounds, when not completely
removed by repeated washing with distilled water,
denature the native proteins, making the medium
unsuitable for growing acid-fast bacilli in primary
cultures.

GROWTH CHARACTERISTICS OF MYCOBACTERIA
IN THE LIQUID MEDIUM

"Typical " mycobacteria
The growth of tubercle bacilli in the liquid medium

differs from that on solid medium. This is chiefly be-
cause, in liquid medium, the mycobacteria lack direct
contact with atmospheric oxygen, and the speed and
abundance of their growth are directly proportional
to the concentration of this oxygen. Novy & Soule
(1925) found that the optimum growth of human
and bovine strains on solid medium occurred with an
oxygen concentration of about 40-50%; in the case
of avian and saprophytic strains, the optimum
oxygen concentration was even higher. With only
0.5 % of oxygen, no growth occurred on the surface
of solid media. According to these experiments,
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mycobacteria would appear to be strictly aerobic
micro-organisms, unable to grow in the facultative
anaerobic conditions prevailing within a liquid
medium. Now the concentration of free oxygen in
the reconstituted liquid medium varies between 6.26
and 6.35 mg per litre, depending on the atmospheric
pressure, and this concentration is far below the
optimal range according to Novy & Soule. The main
function of oxygen for the growth of mycobacteria
may be defined as the absorption of hydrogen ions-
or rather, in the final stage of mycobacterial growth,
the acceptance of electrons. This function can,
however, be performed by other compounds, such as
cytochromes, and amino acids (contained in human
and bovine proteins) with sulfhydryl (SH) groups
that can be reduced to disulfide (SS) groups. Rela-
tively good growth can be obtained in liquid
medium containing these native proteins. All pro-
teins have not the same value, those best able to
promote growth being human or bovine albumin and
Cohn's purified protein fraction V. Boissevain (1940)
found that horse albumin exerted a strong growth-
promoting effect on tubercle bacilli cultured in
synthetic media, whereas horse serum globulins did
not stimulate growth or even inhibited it. In our
own experience, globulin, fibrinogen, and egg
albumins, as well as albumoses and simple proteins
such as histons, do not support the growth of
mycobacteria in deep liquid cultures. Some of them,
e.g., egg albumins, even inhibit growth, probably
through their high content of lysozyme. Dubos
(1947) explained the growth-promoting effect of
proteins by their detoxicating and protective effects,
which shield the growing tubercle bacilli from such
inhibitory factors as the esters of fatty acids, phenols,
and other impurities that may exist in the chemicals
used for preparing the basic solution. In addition,
growth may be inhibited by traces of soap and de-
tergents, contaminating organic substances, and,
especially, distillates from non-absorbent cotton
stoppers, which may be adsorbed by the glassware
(Drea, 1942). On the other hand, several authors,
including Finlayson (1946), Hirsch (1954), Yamane
(1957), Ramakrishnan et al. (1958), and Norman &
Williams (1959), have described different growth-
promoting factors that have been isolated from the
proteins in egg yolk, potatoes, etc., and are necessary
to initiate the growth of mycobacteria in primary
culture. Thus, it seems that not only the detoxicating
properties of different proteins, but also possible
growth factors that they contain, may explain the
growth-promoting function of proteins. Once the

mycobacteria have been isolated from pathological
specimens, they can be propagated easily on a solid
medium or a purely synthetic medium of simple
composition, such as Sauton or Proskauer-Beck.
The usual growth pattern of " typical " myco-

bacteria in the liquid medium is characterized by
granular colonies corresponding to eugonic growth
on solid media. On the other hand, dysgonic avian
strains and certain atypical strains produce miliary
colonies or a fluffy deposit. When the culture is not
heavily positive, the eugonic colonies have a quite
characteristic appearance, with hard granules of
different shapes and sizes (Fig. 1 and 2). Colonies of
Myco. tuberculosis are easily distinguishable from
certain contaminating flora with an entirely different
morphology-for example, fungi, which have round,
fluffy colonies, mostly uniform in shape if not in
size (Fig. 3 and 4). In cultures contaminated with
fungi, the medium remains clear as in cultures of
Myco. tuberculosis. The typical granular deposit of
Myco. tuberculosis grown in the depth of the liquid
medium is shown in Fig. 5. When the tube is shaken,
this deposit is broken into individual colonies of
different shapes and sizes (Fig. 6). In heavily positive
cultures, combined growth, i.e., growth both at the
bottom of the tube and on the surface of the medium,
is often observed (Fig. 7 and 8). In these cultures,
the deposit is membranous rather than granular, and
the surface growth has a filamentous appearance.
On microscopic examination of native or stained
preparations, typical cord formations are observed
in Myco. tuberculosis and Myco. bovis (Fig. 9-11).
Cord formations tend to occur also in Myco. avium
(Fig. 12). In such formations, the individual rods
are only loosely connected with each other and, after
the tubes have been shaken, the cords are dispersed
and the culture has a milky appearance (Fig. 13). In
this respect, Myco. avium is difficult to differentiate
from non-pigmented saprophytic strains, which
produce the same turbidity in the medium or the
same greasy membrane on its surface (Fig. 14).
Photochromogens cause typical pigmentation of the
culture and either form isolated colonies with a
morphology similar to that of virulent strains or
produce diffuse turbidity in the medium. In scoto-
chromogens, cord formation is totally absent, and the
rods are almost homogeneously distributed in the
medium (Fig. 15) or else form small clumps, without
any tendency towards cord formation (Fig. 16). The
same variability as in cord formation is also observed
in the size of colonies. Some are submiliary colonies
barely visible to the naked eye; others may measure
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Colonies of Myco. tuberculosis grown in the liquid medium: characteristic granular appearance. Magnification: 2.5 x.
Colonies of Myco. tuberculosis grown in the liquid medium: typical eugonic colonies. Magnification: 10 x.
Characteristics of growth of fungi or moulds contaminating the liquid medium. The colonies are markedty different in
size, shape and weight from colonies of Myco. tuberculosis (see Fig. I & 2). Magnification: 10 x.

FIG. 1.
FIG. 2.
FIG. 3

& 4.

scs-



FIG. 5. Typical granular deposit of Myco. tuberculosis grown in the liquid medium. Magnification 2.5 x.
FIG. 6. Individual colonies of Myco. tuberculosis formed from the granular deposit (Fig. 5) by shaking the tube. Magniflcation: 2.5 x.
FIG. 7. Depth and surface growth of Myco. tuberculosis in heavily positive primary cultures, showing membranous rather than

granular appearance. Magnification: 2 x.
FIG. 8. Unusual filamentous pattein of surface growth in the liquid medium, observed in the BCG strain after heavy deposit had

formed at the bottom of the tube. (For better demonstration, the culture tube has been photographed in an oblique
position.) Magniflcation: 2.5 x.
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FIG. 9. Typical cord formation In Myco. tuberculosis propagated in primary" slide" culture in the liquid medium. Magnification:
300 x.

FIG. 10. Cord formation In Myco. tuberculosis cultured as in Fig. 9, greatly magnified (900 x).
FIG. 11. Cord formation in Myco. bovis (Ravenel strain) propagated in the liquid medium. Magniflcation: 750 x.
FIG. 12. Imperfect cord formation In Myco. avium (Kirchberg strain). When the culture Is shaken the " cordp " are dispersed

and a homogeneous suspension is formed. Magniflcation: 750 x.
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FIG. 13. Culture of Myco. avium (Kirchberg strain) propagated in the liquid medium.
An Incomplete greasy membrane is formed on the surface of the medium,
which is completely turbid and contains a small amount of deposit at the
bottom of the tube. This does not occur In cultures of human or bovine
strains.

FIG. 14. Culture of Mycobacterium sp. (saprophytic strain " S 23 "). Remnants of
the culture pellicle are left on the wall of the tube In the form of a narrow
oblique band. (The culture has been Incubated for about 6 weeks, during
which time some of the liquid medium has evaporated, leaving an empty
space between the membrane and the surface of the medium.)
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FIG. 15. Smear from the culture of a scotochromogenic strain of mycobacterium grown in the liquid medium, showing indistinctly
granulated rods of different lengths. Magnification: 480 x.

FIG. 16. Same strain as in Fig. 15, showing clumps but no cord formation.

2-3 mm in diameter. In cultures that have been in-
cubated for 6 weeks, many miliary colonies may be
observed in addition to the large colonies present
after only 3 weeks' incubation. This growth pattern
is common to both liquid and egg media. The large
colonies correspond to the clumps of mycobacteria
originally found in pathological specimens, and the
small miliary colonies are either " offshoots " from
the fully grown parent colonies or are the result of
multiplication of individual rods, which grow much
more slowly than clumps. Because our medium does
not contain any active dispersing agent such as Tween
or Triton, the growing mycobacteria adhere closely
to one another and, owing to their high lipid content,
do not blend with the medium. Furthermore, new
daughter colonies originate from the parent colonies
only when the latter are mechanically broken by
shaking the tubes. The speed of growth is similar for
both liquid and egg media. In general, positive
growth may be observed after 3 to 4 weeks' incuba-
tion. However, this period may be as short as 10 to
12 days for specimens heavily infected with tubercle

bacilli, and as long as 5 to 8 weeks for paucibacillary
material.

In some cultures, especially those grown from
inocula containing a large number of mycobacteria,
there is deep growth as well as surface growth in the
form of a pellicle, as on Sauton medium. This growth
pattern can be achieved easily, even in cultures con-
taining few colonies, by shaking the tubes daily so
that some small colonies rise to the surface, where
they later form a membrane. However, even in tubes
that are kept completely still, surface growth may
occur. We observed that, when mycobacteria had
reached full maturity, their high content of fatty
substances made their density lower than that of
water. As a result, these mycobacteria rose spon-
taneously from the bottom of the medium to its
surface, where a pellicle was again formed. Thus a
liquid protein medium may be used to initiate
growth on the surface of Sauton medium without
employing very complicated, and not always success-
ful, techniques, such as that in which colonies are
transferred from egg medium by means of minute
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cork plates that float on the surface of the Sauton
medium to support the colonies and prevent them
from sinking to the bottom of the tube, where
growth does not usually occur in medium without
native protein.

Cultures may be read rapidly by use of the tel-
lurite test (Gosio, 1905; Corper, 1915; Manzullo,
1938; gula, 1947), which makes even very small
colonies conspicuous by their black coloration.
Living Myco. tuberculosis have the capacity of re-
ducing potassium tellurite to metallic tellurium
which, when deposited in the protoplasm of the cells,
turns the whole colony black. It is then clearly
visible at the bottom of the tube. Colonies more than
3 weeks old do not reduce potassium tellurite homo-
geneously: only the periphery of the colonies, con-
taining the youngest cells in the active stage of
fission, displays black coloration (positive tellurite
test); the centre of the colony containing rest-cells
remains white (negative tellurite test) (gula, 1947).
These differences in the metabolism of colonies of
mycobacteria are not specific for growth in liquid
media, but may be observed also in colonies grown
on agar or solid egg media. Myco. bovis and MycQ.
avium react to potassium tellurite in the same way.
Thus this substance cannot be used for the differen-
tiation of these three types of mycobacterium.

In general, the growth of mycobacteria is less
"artificial " in the liquid medium than on the surface
of egg medium. This is reflected, among other things,
in the different chemical composition of the bac-
terial body and in the morphology of the acid-fast
bacilli on microscopic examination of slides stained
by the Ziehl-Neelsen technique. Mycobacteria
growing in the depth of liquid medium or in vivo
contain only a small amount of lipids and waxes, as
was also observed by Pokorny & galanski (1958) and
confirmed by Pokorny (1962) and W. Segal.' The
morphology of mycobacteria grown in the depth of
Sula's medium is characterized by distinctly granu-
lated, slightly curved rods with round edges, longer
and thicker than the rods seen in egg medium and
resembling those found in pathological specimens.
The very short indistinctly granulated rods, some-
times resembling coccibacilli, that generally grow
on egg medium do not usually occur in the liquid
medium. A difference in the shape and chemical
composition of a bacterial body usually reflects
a difference in metabolism. Thus mycobacteria

I Communication made to the Conference on Immunity
and Pathogenesis of Mycobacterial Diseases, Bethesda,
29-30 March 1962.

must be able to adapt themselves in such a way that
they can grow under conditions quite different from
those prevailing in living organisms. For this pur-
pose, they need to evolve new enzymatic systems,
which they may " borrow " from the tissues of the
host. If it is beyond the limits of their capacity to
synthesize the new enzymes, they do not grow on
artificial media. This may explain why the same
material may produce negative culture results with
egg medium and positive ones with the liquid
medium, and vice versa. Therefore neither medium
may be considered as a universal culture medium for
mycobacteria. This lack of a comprehensive diag-
nostic medium does not apply to mycobacteria only.
The same phenomenon may be observed, for
example, in the case of Corynebacterium diphtheriae,
which may give different results according to whether
it is cultivated on blood agar, Loeffler medium, or
tellurite agar. In fact, the greater the variety of
liquid and solid media used for isolating patho-
genic micro-organisms, the better are the results.
When colonies of mycobacteria grown in the

liquid medium are inoculated on to egg medium, they
do not grow differently from the mycobacteria
originally isolated on egg medium. When inoculated
into guinea-pigs, rabbits, or hens, they produce
typical experimental tuberculosis according to the
strain and kind of animal used-for example, a dose
of 0.01 mg (wet weight) of Myco. bovis cultured in
the liquid medium kills a rabbit in 4 to 6 weeks with
generalized miliary tuberculosis.

Differentiation of mycobacteria
The differentiation between " typical " and' atypi-

cal" mycobacteria on the basis of growth charac-
teristics is not more reliable with liquid than with
solid media. Whichever medium is used, biological
experiments with guinea-pigs, rabbits, rats, mice, and
hens, as well as cytochemical and enzymatic tests,
must be carried out before a final decision as to the
type of mycobacterium can be reached.

Growth of contaminants
It is not difficult to see when the liquid medium is

contaminated. As it contains native proteins and
enzymatic digest ofcasein in addition to " biological"
elements, all the ordinary contaminants that may be
present in sputum, laryngeal swabs, gastric washings,
etc., will grow in it. The addition of malachite green,
in a proportion of approximately 1: 200 000, in-
hibits the growth of contaminating flora when these
are not killed by pretreatment of the specimens with
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acids or alkalis. The contaminated medium is
diffusely turbid, and is sometimes discoloured if con-
taminated by moulds or by such pigment-producing
micro-organisms as Pseudomonas pyocyanea and
Bacterium prodigiosum. It may be difficult to differ-
entiate between accidental contamination and
dysgonic growth of certain atypical or avian strains.
Even here, the flocculent deposit of avian or other
strains, such as the Arloing-Courmont homogeneous
strain (" souche homogene APC "), is strictly con-
fined to the bottom of the tube, leaving the liquid of
the bacterial deposit entirely clear. In the case of
slight contamination, where the nutrients of the
medium are not fully consumed by the contaminants,
the growth of mycobacteria is not entirely inhibited
and typical acid-fast bacilli may be found after the
culture has been centrifuged and the deposit stained
by the Ziehl-Neelsen technique.

DISCUSSION

Many liquid media have been prepared in the past
by various workers-for example, Besredka (1921),
Buc (1924), Axen (1933) and, more recently, You-
mans (1944), Dubos (1945), Herrmann (1949),
Helmert (1955), and Yamane & Imamura (1957),
among others. Nevertheless, liquid media are not
very popular for diagnostic purposes, most authors
preferring the original L-J medium or a modification
of it because it permits better differentiation of
growth characteristics. On the other hand, the
synthetic liquid media developed by Sauton, Pros-
kauer & Beck, Long, and Lockemann have been
used successfully for many years to grow heavy
bacterial masses of mycobacteria for chemical
analysis and for the preparation of tuberculins,
enzymes, and different antigen fractions for immuni-
zation purposes or serological tests. Therefore, it
might seem rather superfluous to add yet another
medium to those already developed. But the medium
described here is, in our opinion, the only one that
can be prepared in concentrated liquid or lyophilized
form. It has been used in liquid form extensively
with good results in Czechoslovakia and elsewhere
since 1945. Some of the results obtained in Czecho-
slovakia are shown in Tables 1 and 2.
The experience in Czechoslovakia has shown that

gula's liquid medium is just as suitable as L-J
medium for isolating both Myco. tuberculosis and
Myco. bovis. In fact, the liquid medium proved to be
slightly more sensitive, especially for the growth of
Myco. bovis. However, the contamination rate with
the liquid medium was somewhat higher than that

with the L-J medium when specimens from human
sources were cultured, particularly in summer,
which favours the rapid growth of common bacterial
flora.
During our three years' experience with the

medium in lyophilized form, we have not yet ob-
served a single batch in which a substantial decrease
of sensitivity for growing mycobacteria occurred as a
result of lyophilization.
The introduction of the liquid medium in Czecho-

slovakia has enabled public-health laboratories and
tuberculosis sanatoria, previously working exclu-
sively with egg media, to increase substantially the
number of cultures from sputa and laryngeal swabs.
As a result, many " inactive " cases discovered during
mass X-ray campaigns have been diagnosed as cases
of active pulmonary tuberculosis. At the same time,
the results of chemotherapy have been well checked.
It is worth noting that the liquid medium produced
a slightly higher percentage of positive cultures than
egg medium, despite the high number of con-
taminated specimens, especially in 1955. Similar
observations have been made recently by Lucchesi
et al. (1959) at the Carlo Forlanini Institute, Rome;
these workers obtained faster growth and better
results with the liquid medium, as well as fewer
contaminated cultures. Lucchesi also investigated
different methods of pretreating pathological speci-
mens, and found that Petragnani's homogeniza-
tion technique, combined with the use of the
liquid medium, was the best. Good results have
been obtained with pleural exudates, using a
slightly modified basic solution containing twice the
normal amount of chemicals (Ives & McCormick,
1956; Paul, 1960; Oscarsson, 1961). Pleural exudates
usually contain very few acid-fast bacilli and are thus
particularly suitable for testing the sensitivity of new
media. Janowiec & Tuszyn'ska (1955) obtained the
same results with L-J and the liquid medium. Ac-
cording to Marek (1957), who was more successful
with our liquid medium than with L-J medium,
optimal results are obtained when the liquid medium
matures for three weeks in the refrigerator. In his
experience, it is better to treat the inoculum with
penicillin (5000 units/ml) than with the usual acid or
alkali. Molloholli (1960) achieved very encouraging
results in Albania under primitive laboratory con-
ditions, obtaining almost 50% more positive cultures
with the liquid medium than with egg medium pre-
pared at a central laboratory. Dissmann (1961) cur-
rently uses our liquid medium to determine drug
sensitivity by slide culture.
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TABLE 1
ROUTINE EXAMINATIONS OF PATHOLOGICAL SPECIMENS FOR MYCOBACTERIA,

USING SULA'S LIQUID MEDIUM AND L-J MEDIUM: RESULTS OBTAINED IN DIFFERENT LABORATORIES
IN CZECHOSLOVAKIA DURING THE PERIOD 1955-61

Total number Number Percentage Number Percentage
Year Medium ofspexaminedn positive positive contaminated contaminated

1955 ula 1 643 295 113 612 6.9 139 185 8.5

L-J 319 791 20 254 6.3 14 215 4.4

1956 Sula 1 838 951 116 758 6.3 118 748 6.5

L-J 449904 22945 5.1 15724 3.5

1957 Sula 2 509 842 145 797 5.8 119 747 4.8

L-J 437 488 22 284 5.1 16 521 3.8

1958 Sula 2 672 206 162 435 6.1 92 607 3.5

L-J 462 525 21 224 4.6 15 735 3.4

1959 ula 2 862 793 131550 4.6 127 896 4.5

L-J 521518 21564 4.1 15095 2.9

1960 Sula 2827885 119664 4.2 202245 7.2

L-J 670683 24114 3.6 24199 3.6

1961 Sula 2 652 627 | 93 957 3.5 187 763 7.1

L-J 730 057 24 152 3.3 30 405 4.2

L-J medium, if properly prepared and used while it to prepare and difficult to inspissate. Moreover, it
is fresh, seems to be better than other media for use cannot be produced in a stable lyophilized form,
in a well-equipped laboratory with experienced staff which is the most convenient form for diagnostic
and a regular supply of fresh eggs and the necessary bacteriological media. Previous experiments have
chemicals. But it is not very suitable for examining revealed that its sensitivity is poor when it is made
specimens on a large scale because it is complicated from dehydrated eggs-a substitute for the fresh

TABLE 2

MYCOBACTERIA ISOLATED FROM SLAUGHTERHOUSE SPECIMENS AND MILK
AT THE TUBERCULOSIS RESEARCH INSTITUTE, PRAGUE, IN 1962:

CULTURE RESULTS OBTAINED WITH LIQUID MEDIUM AND WITH L-J MEDIUM

Total number of: Number of
Source positive

Animals Specimens cultures
cultured

Cattle 370 872 301

Pigs 50 314 59

Milk - 239 8

Number of speci-
mens positive in: Mycobacterial species

Liquid L-J Myco. tu- Myco.
medium medium berculosis bovis

288

47

5

177

41

5

0

0

0

301

55

4

Myco. Myco.
avium fortuitum

0

3

0

0

0

Avirulent
(saprophytic)
mycobacteria

0

0

4

4
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eggs that are not always obtainable in developing
countries. Furthermore, the results of experiments
performed at the Tuberculosis Research Institutein
Prague (gula, Sundaresan & Langerova, 1960b) in-
dicated that the lyophilized L-J medium prepared at
the " Koranyi" National Institute for Tuberculosis,
Budapest, (Lugosi, 1958-59), was not entirely satis-
factory, and these results were contrary to the experi-
ence of the latter institute.
The favourable conditions that the use of L-J

medium demands are rarely found in developing
countries. Therefore a simplified culture technique,
using a prefabricated medium that can be recon-
stituted easily, wou!d be a great step forward in the
bacteriology of tuberculosis. This is the reason for
our trying to develop another type of medium that
is as sensitive as L-J but that can be prepared easily
on a large scale and transported over long distances
without undue loss of sensitivity. We found that the
very simple Buc and Axen media were unsuitable on
account of their low sensitivity; the Kirchner,
Youmans, and Dubos-Davies media were sensitive
enough, but their special composition and high con-
tent of chemicals, which caused the formation of
insoluble salt-complexes and hence precipitation,
rendered them inappropriate for preparation in con-
centrated form. The greatest difficulty we encoun-
tered in preparing the liquid medium was the fact
that asparagine can be dissolved only by boiling and,
on cooling the solution down to 56°C to avoid
denaturing of the native proteins, precipitation again
occurred, so that it was impossible to sterilize the
medium by Seitz filtration. However, a suitable re-
placement for asparagine was found in enzymatic
digest of casein or in certain commercial prepara-
tions, such as Bacto-Casitone (Difco), that are readily
solubleandhavethesame nutritivevalue as asparagine.
In order to satisfy completely the requirements of
certain highly fastidious mycobacterial strains, the
addition of a small amount of l-alanine is required.
For a final appraisal of the lyophilized medium, let

us consider briefly all the properties desirable in a
good diagnostic medium for culturing acid-fast
bacilli. These are as follows:

1. High sensitivity for human and bovine strains,
the most common mycobacterial species found in
human beings.

2. Ability to produce reliable culture results from
paucibacillary specimens.

3. Minimum variability in sensitivity.
4. Reliability for determining the drug resistance

of mycobacteria and sensitivity for growing atypical
strains.

5. Simplicity of preparation.
6. Preservability.
7. Ability to promote rapid growth of mycobac-

teria.
8. High degree of selectivity.
9. Ability to sustain growth of a characteristic

pattern not found with micro-organisms other than
mycobacteria.

The material analysed in the present paper, as
well as the experience acquired at the Tuberculosis
Research Institute in Prague,' has shown that our
lyophilized and reconstituted medium well fulfils the
above desiderata.

Its only disadvantage is that it cannot be sterilized
after reconstitution because it contains native pro-
teins. For this reason, painstaking precautions
must be observed to ensure sterility during the dilu-
tion procedure. Contamination can easily occur,
particularly by airborne bacteria, or when con-
taminated pathological specimens are not pretreated
in the proper way. Reconstitution of the lyophilized
medium is therefore best carried out in a closed
sterile box that has been irradiated 1-2 hours pre-
viously. If this cannot be done, the danger period is
while the medium is being transferred from the bottle
to the Erlenmeyer flask. This must always be done
with the flask in an oblique position, its neck well
protected by a Bunsen flame. Immediately after this
manoeuvre has been completed, the flask is tightly
closed with a rubber stopper containing a tubing
device. By observing these rules for maintaining
sterility, it is not difficult to avoid contamination of
the medium during reconstitution.

Further experiments are in progress with a view to
preparing a concentrated lyophilized synthetic or
semi-synthetic medium that can be sterilized fully
after reconstitution.

1 See article by Sula & Langerova on page 579 ofthis issue.
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RISUMI

L'Institut de recherches sur la Tuberculose, de Prague,
a mis au point un milieu liquide semi-synthetique pour la
culture des mycobact6ries, qui a certains avantages sur le
Milieu de Lowenstein-Jensen: il peut etre prepare en
quantites importantes, concentre et lyophilis6 pour etre
transporte, conserve 6-12 mois a la temperature du labo-
ratoire sans perdre sa sensibilit6 et facilement reconstitu6,
meme dans les laboratoires ne disposant que d'un appa-
reillage modeste.
Le milieu se compose d'une solution minerale de base,

concentree 10 fois, dont les composants chimiques sont
dissous dans le liquide d'ascite, dans 2-3% d'albumine
humaine ou bovine purifiee, ou dans le serum humain ou
bovin naturel; c'est ce dernier milieu qui est le plus
utilise.
Le serum bovin est soumis aux tests suivants pour

6valuer sa facult6 de favoriser le d6veloppement des myco-
bact6ries: Un dixi6me de la quantite de chacun des ingr6-
dients de la solution de base est dissous dans un litre d'eau
distillee glycerolee, et la solution est pass6e a l'autoclave.
900 ml sont alors m6langes a 100 ml du serum soumis i
l'epreuve, et le melange est reparti en eprouvettes a raison
de 5-7 ml. Les eprouvettes sont ensemencees par des sus-
pensions preparees a partir de ganglions de cobayes
tuberculeux et de cultures pures des souches de bacilles
tuberculeux H37Rv et Ravenel. Les cultures sont exami-
nees apres 14 et 21 jours d&incubation a 37°-38°C. Les
lots de serum ne donnant pas satisfaction ou ne per-
mettant pas la croissance sont 6limines.
Le concentre du milieu liquide de base est prepare par

chauffage du serum bovin a 56°C et dissolution des
substances chimiques de la solution de base, l'un apres
l'autre. Le concentre ainsi prepar6 est sterilise par filtra-
tion, et verse- a raison de 150 ml - dans des flacons de
500 ml. La lyophilisation est obtenue dans l'espace de

26 heures, par rotation sous cong6lation avec 6thanol &
-30°--36°C dans un appareil o Frigera * (Kolin, Tch6co-
slovaquie).
Le milieu lyophilisEe est reconstitue dans des conditions

de sterilite stricte. D'autre part, une solution de 7,5 ml de
glycerol redistille, dans 1450 ml d'eau distillee est sterili-
see en autoclave. On ajoute A chaque flacon de milieu
nutritif 50 ml d'eau distillee au moyen d'une seringue de
50 ml qui reste dans le flacon durant la dissolution du
milieu par agitation. Le milieu liquide concentre est aspir6
hors du flacon par la m8me seringue et infuse dans le
recipient contenant l'eau glycerolee. Grace a un systeme
concu a cet effet, le milieu est reparti A raison de 5-7 ml
dans des eprouvettes, qui sont alors bouchees par de
l'ouate ou des fermetures d'aluminium.

Afin de verifier la sterilite du milieu, les 6prouvettes
sont deposees pendant 24 h A l'etuve a 37°C, puis laigs6es
pendant 24 h encore A la temperature du laboratoire.
L'epreuve de sensibilite est la meme que pour le serum
bbvin.

Les &chantillons qui seront mis en culture dans le
milieu liquide sont trait6s de la meme fa$on que pour les
cultures en milieu solide. L'auteur decrit les techniques de
cultures employ6es pour les divers types d'6chantillons,
ainsi que les caracteres des cultures mycobact6riennes en
milieu liquide.

L'exp6rience a montr6 que ce milieu possede toutes les
propri6t6s d'un bon milieu de diagnostic des bact6ries
acido-resistantes. Son seul d6savantage est de ne pouvoir
etre st6rilise apres reconstitution, du fait qu'il contient
des prot6ines; on y remedie par une st6rilite absolue au
cours de la dilution. On cherche actuellement A apporter
a la preparation de ce milieu des modifications qui per-
mettraient de le striliser apres reconstitution.
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