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Pulmonary tuberculosis can be detected clinically and radiologically,
but the finding of tubercle bacilli in the sputum or body-fluids of a patient
is the surest method of diagnosing the disease. With the advent of mass
radiography, many patients have been classified as " tuberculosis suspects ".
The physician is confronted with the problem of deciding, first, whether
the lesion in the lungs represents tuberculosis, and, secondly, whether it
is active or inactive. Unless repeated x-rays show definite changes, it is
often very difficult to answer either one or both of these questions without
bacteriological study.

Modern laboratory methods can greatly assist in the diagnosis of
suspected tuberculous pulmonary lesions. The three procedures most
widely used are: (1) microscopic search for bacilli, (2) cultural techniques,
and (3) animal inoculation. Nearly all types of pathological material
can be examined by one or all of these methods.

Coilection of Specimens
Sputum

If expectorated material is available, the sputum should be treated
and cultured as soon as possible. The patient first needs an explanation
of what sputum is and how to expectorate so that a proper sample can be
sent to the laboratory. The clinician should examine the specimen to
determine whether it is really sputum or merely saliva or nasal secretions.
Obviously, the latter type of material is not satisfactory for culture.
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The specimen should be collected in a sterile, wide-mouth, glass con-
tainer with a tightly fitted rubber stopper or screw-cap. No preservative
should normally be added, since these substances are frequently inhibitory
to the growth of the tubercle bacillus and may actually render it non-
viable. However, sodium phosphate (Na3PO4) may be added to sputum
and gastric washings if transport to the laboratory requires much time.

Gastric washings

Careful study, by cultural methods, of gastric washings from tuber-
culous patients whose sputum has given negative results will yield tubercle
bacilli in 20% to 25 % of cases. Pinner has shown that culture of specimens
of sputum and gastric washings that were negative by direct or concentrated
smear examination raised the number of positive results by an added
30% to 40%.15

The use of gastric lavage is indicated in two types of patients
(1) those with roentgenological lesions suggestive of tuberculosis but

with negative sputum,
(2) those who raise no sputum or who swallow their sputum.

The specimen is best taken in the early morning from a fasting stomach.
There is some evidence that peristalsis occurs with the first physical efforts
and that the tubercle bacilli, if present, may be carried away by the empty-
ing of the stomach. Several techniques for securing the specimen are
available. In the most widely used technique, a sterile Levin tube is passed
into one nostril and directed through the oesophagus and into the stomach.
The patient is asked to drink 50 to 100 ml. of water, and then the gastric
contents are aspirated by means of a sterile 50-ml. syringe. The use of a
large French catheter passed through the mouth, into the oesophagus,
and then into the stomach is preferred by many European workers. The
catheter has a funnel attachment through which a large amount of sterile,
distilled water is poured into the stomach. It is stated that this gives a
more vigorous washing of the stomach and frees the micro-organisms
which cling to the rugae. The specimen is collected by lowering the funnel
to the floor, and the gastric contents empty into a large, sterile flask.

The specimen is sent promptly to the laboratory for culturing, since
there is some evidence that the tubercle bacilli disappear from the specimen
in proportion to the hours the specimen stands. This is attributed to
the acid in the gastric juice and to the enzymes which are present. It is
believed that neutralization of the specimen offsets this action to some
extent. Tubercle bacilli in gastric washings have been cultured 72 hours
after lavage, using the French catheter. This is probably because of the
large amount (250 ml.) of water used in the lavage process, which acts
to dilute both the acid and the enzymes present.
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Gastric specimens should not be examined microscopically for two
reasons:

(1) Bacilli are usually scarce and difficult to find.
(2) Not uncommonly, non-pathogenic, acid-fast bacilli are present

in the gastric washings, and such micro-organisms are not distinguishable
under the microscope from pathogenic bacilli having the same tinctorial
qualities.

Urine
Detection of tubercle bacilli in the urine is of the greatest significance.

It is therefore most important to use reliable methods of testing.
Smegma bacilli normally inhabit the external genitalia of man. Indis-

tinguishable morphologically and tinctorially from tubercle bacilli, they
may occasionally become a troublesome factor in the diagnosis of genito-
urinary tuberculosis. For this reason, dependence upon the ordinary
smear preparation is not advisable, and either culture or animal inocula-
tion, or both procedures, should be carried out. Careful cleansing of the
external genitalia and the use of the three-glass test a will help to eliminate
the possibility of confusing the smegma bacillus with the tubercle bacillus.
The urine collected in the second vessel should be that saved for examina-
tion. Catheterized specimens should be used whenever possible.

Twenty-four-hour specimens are desirable because:
(1) Tubercle bacilli may be eliminated intermittently, with the con-

sequence that a single specimen may contain but few or no micro-organisms.
(2) The sediment from a large quantity of urine concentrates the

bacilli and facilitates their detection.
Bacilluria has been reported in miliary tuberculosis, in tuberculous

meningitis, and in a few patients with pulmonary, but without genito-
urinary, tuberculosis.

Other body-fluids
Pleural, pericardial, ascitic, synovial, and other body-fluids are aspirated

using sterile technique. The specimen is placed in a sterile test-tube or
other suitable container to be submitted to the laboratory. Oxalate bottles
may be used to prevent clotting.

Laryngeal swabs
Laryngeal swabs may be used for search for tubercle bacilli in patients

from whom no sputum is obtainable. The swab is prepared by using a
flexible wire or probe about 8 inches (20 cm.) in length which has a roughened
or hooked end to which a small cotton ball may be attached. The probe
is bent into a gentle curve and may be sterilized in a large test-tube or in

a After the external genitalia have been thoroughly washed, urine is collected in three separate sterile
vessels.
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gauze or paper. Before use, the cotton is immersed in sterile water and
pressed dry with sterile forceps. The operator holds the patient's tongue
forward with gauze and then, with the use of a laryngoscope mirror,
passes the swab into the region of the larynx. The patient is instructed
to cough, following which the probe is removed and placed in a sterile
test-tube to be submitted to the laboratory.

Pus and tissues
This type of material may be submitted to the laboratory in sterile

test-tubes without preservatives. Tissues may also be collected in sterile
Petri dishes.

Faeces
Wide-mouth, glass containers, such as are used for sputum, may be

employed, without preservative, for collecting faecal specimens.

Microscopic Examination

While other means are available for detecting tubercle bacilli in patho-
logical material, none is so easy, rapid, or readily applicable as that based
on the tinctorial reactions of this bacterium. However, microscopic tech-
niques are not sensitive enough to be reliable when small numbers of
bacilli are being sought. It has been estimated that between 10,000 and
100,000 bacilli per ml. of sputum must be present before their detection
in smear preparations is likely. In addition, it is extremely difficult, or
impossible, to differentiate microscopically non-pathogenic, acid-fast
micro-organisms from tubercle bacilli. Nevertheless, since acid-fast bacilli
found in sputum are often tubercle bacilli, microscopic examination of
sputum should be performed since it affords a method of giving the clinician
a prompt report.

Preparation of smears
Direct smears. This technique is of use chiefly for sputum specimens.

The specimen is poured into a Petri dish on a black background. Several
flecks of caseous particles or thick masses of the sputum are removed with
wooden applicators or wire loops. These are placed on a microscope-
slide, and a smear is made by rubbing the material with another slide. A
wire loop or spade may be used to prepare the smear. After the smear
has dried in the air, it is passed through a low flame two or three times
for fixation. (Electrical heating trays are available and serve this purpose
well. The use of excessive heating is to be avoided since the morphology
of tubercle bacilli may be altered by high temperature.) The specimen
is then ready for staining.

Concentrated smears. A smear may be made from the concentrated
and homogenized specimen. (Techniques of concentration are described
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later.) Using a wire loop or a capillary pipette, the liquid material is placed
on a slide. Serum or egg albumen may be used as a fixative since thin
smears tend to wash off during the staining procedure. A ring made on the
centre of the slide with a glass-marking pencil tends to keep the material
from washing off. The preparation is heated gently before carrying out
the staining process.

Direct smears are as efficient as concentrated smears if they are well
made, especially if careful selection of choice particles is made. This
selection procedure is a concentration technique in itself.

Staining methods

Many staining methods have been devised, but the Ziehl-Neelsen
technique still remains the most reliable and widely used. Therefore,
while references are given to some alternative techniques, only this pro-
cedure is described in detail.

Ziehl-Neelsen technique.13 Cover smear with carbolfuchsin stain.b
Steam gently for three to five minutes. Wash in tap water. Add acid alcohol c

until preparation is colourless (approximately one minute). Wash in tap
water. Counterstain with methylene blued for five seconds or longer,
depending upon the thickness of the smear. Air-dry with gentle heat.

Other techniques. Cooper 2 has suggested a modification in staining
based on the fact that sodium chloride and several other chemical sub-
stances in proper amounts precipitate the dye material from carbolfuchsin.
The precipitate is formed at room temperature but disappears at 280 to
300 C. Presuming that such a deposit might occur in the body of the acid-
fast bacillus when brought into contact with warm carbolfuchsin and
sodium chloride, Cooper devised a method using the addition of 10%
sodium chloride to carbolfuchsin. The stain is warmed to 300 C., or
above, before it is applied to the smear. After staining, either by steaming
or in the incubator, the smear is allowed to cool before being washed and
decolorized. In all other points the procedure is the same as Ziehl-Neelsen
staining.

Gabbett 6 has devised a method of combined de-staining and counter-
staining. This is a rapid technique but has not proved as satisfactory as
the Ziehl-Neelsen method.

b Carbolfuchsin: Alcohol 95% . . . . . . . . . . . 100 ml.
Basic fuchsin ...... . . . . . 3.0 g.

This makes a saturated solution. Carbolfuchsin is then prepared from this solution as follows:
Saturated alcoholic solution .. 10.0 ml.
5% phenol (aqueous) .. 90.0 ml.

c Acid alcohol: Prepared by adding 3 ml. of concentrated hydrochloric acid to 97 ml. of 95% alcohol.
d Loeffler's alkaline methylene blue: 30 ml. of 1% methylene blue in 95% ethyl alcohol and 100 ml.

of 0.01 % aqueous solution of potassium hydroxide. Dilute with distilled water 1: 20 before use.
Brilliant green and picric acid have been used as counterstains. It is only by trial that one can select

the counterstain of preference. It has been noted that counterstaining with picric acid is useful to individuals
who are colour-blind.

Brilliant green: To 1.0 g. brilliant green add 100 ml. of 1-10% sodium hydroxide.
Picric acid may be used in strengths from 0.5% to saturated aqueous solution (1 %).
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Steenken 18 has described a 24-hour method of staining in which the
slides are placed in staining trays containing modified carbolfuchsin.e
The trays are placed in a wire rack and are allowed to stand in the incu-
bator in a humidor over night. The tray described by Steenken has the
advantage of not allowing cross-contamination from positive smears to
negative ones. The latter consideration is more theoretical than practical
when dealing with smears made from sputum but should be considered
when cultures or thin specimens are being stained.

Muller & Chermock 12 have described a rapid staining method which
makes use of a detergent.f

Fluorescent microscopy
Fluorescent microscopy has been reported to yield good results. It

has the advantage of enabling the microscopist to examine smears rapidly,
using low-powered objectives. However, the danger of false positives
because of fluorescent particles other than tubercle bacilli has been pointed
out by many workers.20

The examination is performed in a dark room. The microscope is
equipped with an ultra-violet lamp, an aluminized mirror, and a yellow
ocular filter. Magnification with a 20x ocular and an 8-mm. objective
is desirable. The well-stained smear shows fluorescent bacilli against
a dark background. The technique has been best described by Richards
& Miller'7 and Richards, Kline & Leach.'8 The staining solutions which
have proved to be most useful have been reported by Thompson.'9

Recording- of findings
There is a difference of opinion as to the proper interpretation of the

number of bacilli which are found by the microscopist. Some laboratories
prefer to use the Gaffky scale for reporting bacilli. Gaffky 7 assigned an
arbitrary evaluation to numerals so that each numeral represented an
average number of bacilli found in an oil-immersion field. The present
Committee on Evaluation of Laboratory Procedures of the American
Trudeau Society condemns this scale as being unduly cumbersome and so
detailed as to be misleading and recommends a simplified method of report-
ing, referring to the number of bacilli found as follows:

Numerous 3+- 10 or more acid-fast bacilli in most
oil-immersion fields

Few 2+ 10 or more acid-fast bacilli in entire
smear

Rare 1+ 3-9 acid-fast bacilli in entire smear
1 or 2 bacilli to be so recorded

e Modified carbolfuchsin (Cooper): To 100 ml. Ziehl-Neelsen carbolfuchsin add 0.5 ml. of 10% sodium
chloride.

f One drop of Tergitol No. 7 to each 25-40 ml. of carbolfuchsin
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The time spent on the examination of each slide and, more important,
the amount of the surface of each slide examined are the chief factors
in the accuracy of the determinations. It is therefore recommended that
each smear be subjected to an examination of the same number of lines,
either three horizontal or nine vertical, regardless of how long this
procedure takes. This conduces to uniformity of reporting, since some
individuals may be able to examine a given area of a smear in a few
minutes whereas others may require a much longer time for the same
area.

Using the above procedure, the Tuberculosis Evaluation Laboratory
of the US Public Health Service at Atlanta, Ga., reports the number of
bacilli found as follows:

Innumerable = 100 or more bacilli
Many = 50 to 100 bacilli
Few 10 to 50 bacilli
Rare = 5 to 10 bacilli

1-4 acid-fast bacilli are so recorded

This method is easily adapted to evaluation studies on microscopic material.
Clinically, the finding of acid-fast bacilli on a smear is more important

than the number present. Before the final diagnosis is made, the worker
will probably want recourse to culture or to animal inoculation.

Preparation of Specimens
for Culture or for Animal Inoculation

The steps in the preparation of specimens for cultivation or for animal
inoculation are: (1) digestion and decontamination, (2) homogenization,
and (3) concentration. Several acceptable methods of preparation are
described below.

Sodium hydroxide method (Petroff) 14

Equal parts of 3 % or 40% sodium hydroxide are added to the specimen.
The mixture is shaken by hand or in a shaking machine for 15 minutes, or
until complete homogenization is secured. (Paint-conditioning machines
have been adapted for this purpose.) After homogenization is complete,
the specimen is centrifuged at 3,000 r.p.m. for 15 minutes. The super-
natant fluid is poured off and one drop of phenol red indicator solution
added to the sediment. Enough N hydrochloric acid is then added for
neutralization. The concentrated material can be seeded on tubes of a
reliable culture medium, using a capillary pipette, or it can be inoculated
into animals.
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This method of preparation is serviceable for nearly all types of patho-
logical material, especially specimens such as sputum, pus, tissues, and
thick, tenacious substances.

Hydrochloric acid concentration method (McNabb) 11
An equal volume of 3 % hydrochloric acid containing bromcresol

purple as an indicator is added to the specimen. (5 % sulfuric acid may be
used instead of 3% hydrochloric acid.) The mixture is shaken in a paint
shaker for 15 minutes. The specimen is then neutralized, using 3 % sodium
hydroxide, and is centrifuged at 3,000 r.p.m. for 15 to 30 minutes. The
supernatant is decanted, and the sediment is inoculated on to culture
media, using a capillary pipette with a rubber bulb.

Acid concentration methods are particularly useful for thin, clear body-
fluids where strong digesting agents are not required.

Alum flocculation method (Hanks) 8
Equal volumes of specimen and 4% sodium hydroxide which contains

0.2% potassium alum and 0.002% thymol blue are mixed; 2.5 N hydro-
chloric acid is added, drop by drop, until the colour denotes neutrality;
and the specimen is shaken for 30 seconds or until flocculation occurs.
If flocculation does not occur in five minutes, 0.2 ml. of 1% ferric chloride
is added and the specimen shaken again. The mixture is centrifuged for
ten minutes at 3,000 r.p.m. The supernatant fluid is decanted, and the
sediment is ready for cultivation or animal inoculation.

This technique is useful because many tubercle bacilli which ordinarily
might not be in the sediment are carried down by the flocculation. It is
most desirable for pleural fluid and urine specimens.

Trisodium phosphate concentration method (Corper & Stoner) 3

The specimen is added to 10% trisodium phosphate (23% Na3PO4.
12 H20) in equal volumes. After homogenization is complete, the specimen
is centrifuged at 3,000 r.p.m. The supernatant fluid is decanted, and the
sediment is washed with 10 ml. of sterile physiological saline. The mixture
is recentrifuged, the supernatant poured off once more, and the sediment
is ready for planting on culture media or for animal inoculation.

Because trisodium phosphate is relatively nontoxic to tubercle bacilli,
this method is useful for specimens sent through the mail. The digestant
may be added to the collecting container, and the digestion is usually
complete when the specimen arrives in the laboratory.

Culture Techniques

With the development of relatively specific and fairly sensitive culture
media, small numbers of tubercle bacilli can be detected in pathological
material by methods of cultivation. Reliable cultural results depend
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on attention to certain details of. technique, as well as upon the use of
the best available medium. It is important in this connexion that:

(1) The glassware used should be well cleaned and sterile. Hard
glass such as Pyrex and Jena is preferable to soft glass, since soft glass
tends to give off alkali during sterilization.

(2) The chemicals and nutrient material should be pure and fresh.
(3) The heating necessary for coagulation and sterilization should

be gentle to prevent the release of substances which may inhibit growth
of micro-organisms.4

(4) After inspissation, the medium should be stored carefully in well-
stoppered tubes to prevent evaporation.9

(5) The culture medium should support the growth of small numbers
of bacilli, should promote rapid growth, and should permit easy identi-
fication of typical colonies. The medium should also be capable of inhibit-
ing the growth of contaminating micro-organisms.

Preparation of glassware
Frequently new glassware contains traces of alkali and often contains

spores of various bacteria. New glassware should therefore be allowed
to stand over night in a weak solution of hydrochloric acid (2%). The
glassware is then washed in running water and rinsed twice in distilled
water, after which it is allowed to drain and dry at room temperature.

Old glassware, particularly test-tubes used to maintain cultures, should
be sterilized in an autoclave. The bulk of the old media is removed, and
the glassware is boiled in soapy water under a hood for 30 minutes. It
is then ready for cleaning with hydrochloric acid (2%), as mentioned
above, or it may be cleaned as follows:

(1) The glassware is placed in a cleaning solution (prepared by mixing
50 g. of technical grade sodium dichromate and one litre of concentrated
sulfuric acid). After removal from this solution, it is thoroughly rinsed
in tap water and then in distilled water to remove all traces of the cleaning
solution.

(2) After the tubes are dried, non-absorbent cotton plugs are placed
in the mouth of the tubes to a depth of about 2 cm.

(3) After plugging, the tubes are placed in a hot-air sterilizer, where
they are maintained for a period of one hour at 1700 C. This is usually
sufficient to destroy all bacteria. Petri dishes and pipettes may be wrapped
in paper or placed in metal containers before sterilization.

Sterilization by autoclave may be used for material which does not
rust. Material in closely packed baskets should be kept at 15 pounds
pressure for 20 minutes. When tubes containing liquid are autoclaved,
care must be taken to prevent the blowing-out of the cotton plugs by
rapid reduction of pressure.

g Rubber stoppers, paraffined cotton plugs, and screw-cap tubes are equally satisfactory.
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Culture media
The choice of a culture medium to be used for isolation of tubercle

bacilli from pathological material is usually decided by personal pref-
erence. However, there are now enough evaluation studies to indicate
that certain media are more satisfactory than others for primary isola-
tions. In general, liquid media are not suitable because one cannot determine
whether visible turbidity is due to tubercle bacilli or non-pathogenic,
acid-fast bacilli. Even smears of these cultures are of little help because
morphologically one cannot differentiate reliably between tubercle bacilli
and saprophytes. It is therefore recommended that a solid egg medium
be used for primary isolations. The liquid media are reserved for transfers
of pure cultures and for research purposes.

In the experience of the Tuberculosis Evaluation Laboratory of the
US Public Health Service, the Jensen modification of Lowenstein's medium
is at present the most efficient culture medium for routine diagnostic use.
It has the advantage of supporting the growth of human, bovine, and
avian strains ; and the trained bacteriologist can differentiate, with a fair
degree of accuracy, non-pathogenic from pathogenic acid-fast bacilli.

Modified Lowenstein's medium 9

Solution:
Monopotassium phosphate .... . . 2.4 g.
Magnesium sulfate . . . . . . . . . 0.24 g.
Magnesium citrate . . . . . . . . . 0.6 g.
Asparagine ..... . . . . . . . . 3.6 g.
Glycerol ..... . . . . . ... . . 12 ml.
Distilled water .... . . . . . . . 600 ml.

Potato flour ............. . 30 g.
Homogenized whole eggs .... . . . 1,000 ml.
Malachite green, 2% aqueous solution . 20 ml.

The salt solution is heated in a flask in a 560 C. water-bath for two hours,
or until all the salts are dissolved. Thirty grams of potato flour are
added to the flask, and the mixture is boiled, with continual shaking or
stirring, in a boiling water-bath until the potato flour assumes a " cooked "

appearance (usually about 30 minutes). The flask is then placed in a
560 C. water-bath for one hour, during which time the eggs may be prepared.

Fresh country eggs, not more than one week old, are used and are
cleaned by vigorous scrubbing in an approximately 5% soap and soda
solution. They are then left in the soap and soda solution for 30 minutes,
after which time they are placed in running cold water until the water
becomes perfectly clear." They are broken into a sterile flask, homo-
genized completely by shaking, and filtered through sterile gauze.

h Some laboratory workers prefer to soak the eggs in 70% alcohol and flame them before breaking.
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One litre of homogenized whole eggs is added to one flask of the potato-
flour salt solution, and to this are added 20 ml. of malachite green solu-
tion.i After thorough mixing, the medium is tubed by means of a sterile
aspirator bottle with a funnel and bell attachment, or by a similar tubing
device. Between 5 and 6 ml. are delivered into 150-mm. Pyrex test-tubes,
and these tubes are solidified by inspissation at 850 C. for 40 minutes.
The cotton stoppers are then trimmed and paraffined to prevent evaporation.

It is advisable to keep the medium stored in a refrigerator until its
use. The medium should be used as soon as possible after preparation
and should be discarded after four weeks since it may lose sensitivity
after that time.

Trudeau Committee egg-yolk/potato-flour medium.

Egg yolk ............... . 500 ml.
Potato-flour water (2% glycerol) .5... . S00 ml.

(1) The potato-flour water is made by adding 20 g. of potato flour
to 500 ml. of a 2% (by volume) solution of glycerol in water in a flask
or beaker. Heat to boiling, stirring constantly. Cool to 500 C.

(2) Egg yolk: Fresh hen's eggs are carefully cleansed with wet gauze,
rinsed in alcohol, and flamed. The egg whites are separated from the
yolks. A proportion of one whole egg to 11 egg yolks is used, and 500 ml.
of this combination are prepared.

(3) The 500 ml. of egg yolks are poured into the 500 ml. of potato-
flour water, and to this are added 20 ml. of 1% malachite green solution
in 50% alcohol. All ingredients are thoroughly mixed and tubed.

(4) The medium is coagulated in a slanted position and sterilized
by a single one-hour stay in an inspissator heated to 900 C. i The tubes
are incubated for 48 hours. Contaminations are rare if aseptic technique
is maintained throughout the procedure.

An egg-yolk medium prepared as indicated above will be definitely
acid in reaction, with a pH in the neighbourhood of 6.5. If the tubes
contain too much water of condensation, the excess should be removed.

Liquid media for subcultures and research
Basal medium (Dubos) 5

KH2PO4 . . . . . . . 1.0 g.
Na2HPO4 ..... . 6.3 g. (Heat in 100 ml. dis-

tilled water to dissolve)
Asparagine... . . . 2.0 g.
Add:
Distilled water . . . . 850 ml.

i Some technicians add 50 ml. of malachite green solution on the assumption that this quantity inhibits
contaminants better than 20 ml. and has no untoward effect on the growth of the tubercle bacilli.

i The Tuberculosis Evaluation Laboratory, US Public Health Service, uses 850 C. for 40 minutes.
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2 g.

0.05 g.

0.01 g.

(40 ml. of a 5% auto-
claved solution in dis-
tilled water)
(1 ml. of a 5% stock
solution in distilled wa-

ter)
(1 ml. of a 1% stock
solution in distilled wa-

ter)
0.0005 g. (1 ml. of a 0.05 % stock

solution in distilled wa-

ter)
0.0001 g. (1 ml. of a 0.01 % stock

solution in distilled wa-

ter)
0.0001 g. (1 ml. of a 0.01 % stock

solution in distilled wa-

ter)
Adjust pH to 6.5-6.8. Distribute medium in flasks or Blake bottles,

or in test-tubes 25 mm. in diameter (5 ml. per tube).

Tween-albumin medium (for submerged difuse growth)

Basal medium
Tween 80 . . .

Autoclave
Add:
Albumin (serum

Fraction V)

* . . 900 ml.
.. 0.5 ml.

.. 5 g.

Glucose ... . . . . 5 g.

(5 ml. of a 10% stock
solution in distilled wa-

ter ; keep this solution
in the refrigerator and
do not use after one

month)

(100 ml. of a 5% stock
solution in 0.85% saline
neutralized with NaOH
and sterilized by filtra-
tion)
(1O ml. of a 50% stock
solution in distilled wa-

ter sterilized by auto-
claving)
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Cultures of mycobacteria in this medium are said to be " fully grown"
when macroscopic " creeping " of clumps can be seen on the sides of the
tube or flask. At this time, each millilitre of medium will contain approxi-
mately 0.2 mg. dry weight of bacilli.

Oleic-acid/albumin medium (Dubos) 5

Basal medium k . . . . 900 ml.
Autoclave
Add:
100 ml. of the following preparation of oleic-acid/albumin
complex:
(1) Dissolve 0.12 ml. of oleic acid (0.1 g.) in 10 ml. of N/20 NaOH
by shaking with a rotary motion in a small flask.
(2) Add 5 ml. of this solution to 95 ml. of a neutral 5% solution
of Fraction V albumin in 0.85% saline.
(3) Sterilize by filtration through bacteriological filters, preferably
of glass or porcelain.

In order to facilitate isolation from material contaminated with other
bacteria, an attempt has been made to render the medium as selective
as possible by limiting the variety and concentration of nutrients in the
basal medium. Thus the quantities of asparagine and ferric ammonium
citrate are reduced, from 2 g. to 1 g. and from 0.05 g. to 0.005 g., respectively.
Glucose and glycerine are entirely omitted. Satisfactory growth of tubercle
bacilli is obtained at pH 6.5, a reaction which depresses the growth of many
contaminants. Substitution of oleic acid for Tween 80 causes the growth
to be granular instead of diffuse ; this may facilitate detection of large
clumps of acid-fast bacilli under the low-power lens.

Egg-yolk/water medium (Besredka)
Egg yolks . . . . . . . . . . . . . . 10
Redistilled water. . . . . . . . . . . . 3,500 ml.
Sodium hydroxide, 1% . . . . . . . . 60-70 ml.
Malachite green, 2% (aqueous solution) . 5 ml. per 1,000 ml. media

Add ten egg yolks to 500 ml. of redistilled water in a 2-litre Erlenmeyer
flask. Shake well. Filter through gauze into a one-litre graduated cylinder.
Measure the volume. Add 60 to 70 ml. of 1% sodium hydroxide (pH 9).
Make up to 3.5 litres with redistilled water. Add 5 ml. of 2% malachite
green to each litre of egg medium. Fill test-tubes with 6 ml. Autoclave
20 minutes at 1100 C. The pH should be 8.1 after autoclaving. This
medium supports submerged growth of tubercle bacilli and is particularly
useful for isolating bovine strains of tubercle bacilli.

k It is advisable to reduce asparagine from 2 g. to 1 g. and ferric ammonium citrate from 0.05 g. to
0.005 g.
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Incubation and interpretation
The culture tubes are incubated at 370 C. and are examined at weekly

intervals for a total of six to eight weeks. From the colour and morphology
of a colony, the trained bacteriologist can usually decide whether it is
formed by tubercle bacilli or non-pathogenic, acid-fast bacilli. Smears
should be made of all cultures to confirm acid-fastness.

On a complex solid egg medium such as the Jensen modification of
Lowenstein's medium 10 (3 % to 4% glycerol), human, bovine, and avian
strains will grow with certain colony characteristics which assist the bacte-
riologist in determining their type.

Colonies of human tubercle bacilli generally appear in 12 to 25 days
and, because of their luxuriant growth, are termed " eugonic ". The
colonies are dry, friable, and somewhat rough and, after a few weeks,
generally measure from 8 to 12 mm. in diameter. They assume a " cabbage "
appearance and are easily detached from the surface of the medium. They
emulsify with difficulty.

Colonies of the bovine type do not grow as rapidly as those of the
human type. They usually appear in 25 to 40 days. They are tiny, pale,
smooth, pyramidal colonies. Their growth characteristics have been termed
" dysgonic ". They adhere to the surface of the medium and emulsify
readily.

Avian-type colonies generally appear in two or three weeks. They
are smooth and hemispherical and often have a faint yellow or grey pig-
ment. They are somewhat larger than bovine-type colonies.

Colonies of acid-fast saprophytes appear in a few days and are usually
chromogenic. Their appearance differs from that of the pathogenic types
in that they are soft, creamy, and usually smooth. Most saprophytic strains
grow well at room temperature, whereas tubercle bacilli require 370-380 C.
for optimal growth.

Although some workers will not rely upon cultural characteristics
to differentiate types, it is usually because they are not fully conversant
with the differences in characteristics. With a certain amount of training,
one may tentatively identify types of acid-fast bacilli by their colony
appearance on Lowenstein-Jensen medium. However, proper animal studies
to confirm the cultural diagnosis should always be performed.

Animal Inoculation

Animal inoculation is sometimes necessary to differentiate between
pathogenic and non-pathogenic acid-fast bacilli. Also, when dealing with
specimens that are repeatedly contamined on culture, it is sometimes
possible to recover tubercle bacilli following animal inoculation. Some
workers prefer animal inoculation to culture methods for the detection
of tubercle bacilli in gastric washings and urine specimens.
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The guinea-pig is most widely used, and only young and healthy animals
are selected. Before inoculation, they should be tested with 5 mg. of Old
Tuberculin, and only negative reactors should be retained. Subcutaneous
inoculation in the groin is preferred to other routes of injection. The con-
centrated material prepared as for culturing is used for animal inocula-
tion, 1 ml. being injected by means of a Luer-Lok or tuberculin syringe
and a 20 - to 21-gauge needle. If possible, the animals which are injected
with pathological material or cultures should be kept in individual cages.

Three or four weeks after inoculation a tuberculin-test is performed,
again using 5 mg. of Old Tuberculin. The animal is sacrificed if the test
is positive. If the test is negative, the animal is allowed to live for six
weeks, at which time it is killed and autopsied. If viable tubercle bacilli
were present in the specimen, one will see regional lymph-node involve-
ment with spread usually to the spleen, liver, and lungs. Saprophytes
may produce a local abscess and regional lymphadenitis.

Impression smears should be made of all organs showing evidence of
gross pathology. These should be stained by the Ziehl-Neelsen technique
and examined microscopically for the presence of tubercle bacilli. Cultures
should be made from organs of those positive guinea-pigs which were
inoculated with specimens having negative cultures. All guinea-pigs
injected with specimens and not cultures are inoculated subcutaneously
in the right groin with 1 ml. of the suspension prepared according to the
procedures previously outlined. They are killed and autopsied at the
end of six weeks.

Preparation of cultures for typing by animal injection
(1) Place a sterile watch-glass in a sterile Petri dish with sterile for-

ceps. (Or have watch-glasses sterilized in Petri dishes.)
(2) Weigh the watch-glass on an analytical balance, taking care not

to contaminate it.
(3) With a wire loop, scrape some of the colonies from the culture

and place in the watch-glass.
(4) Weigh the watch-glass with the culture, taking care to avoid con-

tamination.
(5) Mark five test-tubes with the culture number and the dilutions

1 mg./ml., 10' mg., 102 mg., 10 3mg., and 10-4 mg.
(6) Measure sterile physiological saline into the first tube so that

when mixed with the weighed culture 1 ml. will contain 1 mg. If the
culture is a saprophyte, make the solution so that 1 ml. will contain 5 mg.
of bacteria.

(7) Using a sterile loop, scrape the colonies from the watch-glass
into a sterile mortar ; add one drop of saline from the tube marked I mg./ml.
and grind the culture thoroughly; add another drop of saline; grind,
continue adding saline a few drops at a time, and grinding the bacteria
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in it. When a homogeneous mixture is obtained, add the remaining saline.
Using a sterile Pasteur pipette, transfer the mixture to the test-tube. From
this tube the other dilutions are made.

(8) Make dilutions as follows: 0.1 mg./ml., 0.01 mg./ml., 0.0001 mg./ml.,
and 0.00001 mg./ml.

Use a graduated pipette to transfer indicated amounts to the next
tube. Do not mix with this pipette. Take a new pipette and mix solution
by drawing liquid up and down. Use this pipette to transfer desired amount.
Discard pipette and proceed with the next dilution in a similar manner.

Inoculation procedures

If the colony characteristics suggest
(1) Dysgonic human or bovine type of culture: Inoculate 1O4 mg.

into a guinea-pig intraperitoneally, or 10-1 mg. subcutaneously into the
right groin and 10-1 mg. into the marginal vein of the ear of a rabbit.

(2) Avian-type culture: Inoculate 1 mg. into one chicken intra-
peritoneally and into another intramuscularly deep in the pectoral region
or intravenously in the wing.

(3) Saprophyte culture: Inoculate 5 mg. into a guinea-pig subcuta-
neously in the right groin.

Rabbits are killed after three months ; guinea-pigs, after two months
(intraperitoneal inoculations) or six weeks (subcutaneous inoculations)
and chickens, after three months.

Autopsy findings

(1) Rabbits : Those inoculated with bovine tubercle bacilli usually
die in three weeks with a generalized tuberculosis. Those receiving human
tubercle bacilli survive and are sacrificed at the end of three months.
There are usually a few small tubercles in the lungs and kidneys only.
Avian tubercle bacilli inoculated intravenously into rabbits give rise to
the Yersin type of disease without the formation of macroscopic tubercles.

(2) Guinea-pigs: A skin test with 5 mg. of Old Tuberculin may be
performed at four weeks. If positive (at least 5 mm. of induration in
48 hours), the animal can be killed and autopsied. Human and bovine
bacilli both give rise to a progressive, usually fatal, disease in guinea-
pigs, with lesions in regional lymph-nodes, abdominal nodes, spleen,
liver, and lungs. Saprophytes (acid-fast) do not progress beyond the site
of inoculation and regional lymph-nodes. Avian bacilli often produce
no lesions at all, or only a local abscess.

(3) Chickens : After injection with avian tubercle bacilli, chickens
die in a variable time, usually greatly emaciated. The disease is marked
in the spleen, liver, kidneys, and mesenteric lymph-nodes. After inocula-
tion with mammalian tubercle bacilli, chickens do not usually show any
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recognizable tuberculous lesions; but occasionally an abscess forms at
the site of the inoculation.

SUMMARY

Modem methods of searching for the tubercle bacillus can greatly assist in diagnosing
tuberculosis. As in all laboratory investigations, the results must be correlated with
clinical findings; but the demonstration of tubercle bacilli in a patient's sputum or
body-fluids unequivocally establishes the diagnosis of tuberculosis.

The three most widely used procedures for detecting the tubercle bacillus - micro-
scopic examination, culture of bacilli, and animal inoculation - are described in detail.
The collection and preparation of specimens and the evaluation of the test results are
also discussed.

Animal inoculation is sometimes necessary in differentiating between pathogenic
and non-pathogenic acid-fast bacilli, or. when dealing with specimens that are rapidly
contaminated on culture. Methods of animal inoculation are presented, with particular
emphasis on the problem of typing the tubercle bacilli. Carefully performed cultures
can often be as accurate as animal inoculation, however, and offer the advantages of
economy and rapidity.
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