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Media and Methods for Phage-Typing Mycobacteria*
W. B. REDMOND ' & DOROTHY M. WARD 2

Media widely usedfor primary isolation, for drug-sensitivity tests andfor type differen-
tiation of mycobacteria have been tested for use in phage studies on the tubercle bacilli.
Modifications ofeach of these media provided some improvement in phage activity on some
strains ofmycobacteria but not on others. During these studies it was observed that certain
substances augmentedphage activity, while other substances werefound to have the opposite
effect. On the basis of these results, a new medium has been formulated. This medium can
be used without agar as a liquid medium for growth of the mycobacteria or with agar as a
solid medium for isolated plaques and routine test dilution (RTD) spots. An outline of a
pilot phage-typing test on three species of Mycobacterium is included.

INTRODUCTION

Three very important factors involved in the
phage-typing of bacteria are the specificity of the
phages employed, the method used for demonstrat-
ing the specific lytic action of the phage, and the
medium used for testing for phage activity. In
general, the methods used in typing one group of
bacteria may be applied to other groups, provided
the necessary adaptations are made. Reference to
the methods that have been worked out and used for
typing the staphylococci and salmonellae by Blair &
Williams (1961), Fisk (1942), Williams & Rippon
(1952), Anderson & Williams (1956) and Bernstein &
Wilson (1963) will acquaint one with the principles
of phage-typing.

Bacteriophages with sufficient specificity for
typing the majority of the mycobacteria of import-
ance in human disease have been adapted to lyse
these strains (Redmond, 1963b). Early tests and
observations indicated that changes in the medium
used for phage testing would effect considerable
improvement in the quality of the lytic activity.
Some of the difficulties encountered in attempts to
phage-type the mycobacteria undoubtedly have
been due to the presence of certain constituents in
the medium used or to the lack of some necessary
elements or to both factors. Phage activity may be
affected by metabolic compounds that may or may

*,The work on which this report is based was aided in
part by a grant from the World Health Organization.

1 Chief, Tuberculosis Research Laboratory, Veterans
Administration Hospital, and Assistant Professor of Micro-
biology, School of Medicine, Emory University, Atlanta, Ga.

' Microbiologist, Veterans Administration Hospital,
Atlanta, Ga.

not affect the growth rate of the host bacteria, as
well as by substances that interfere with adsorption
of the phage to the bacterial surface. Actively
metabolizing bacteria are essential for phage action,
but their presence does not guarantee that phage
will develop in a susceptible bacterium even after
adsorption to its surface.
An ideal medium would be one on which maximal

bacterial growth occurs and on which the phage has
optimal activity. Some factors favouring growth of
the bacteria may have a tendency to inhibit phage
action, and some factors favouring phage activity
may tend to limit growth of the bacterial host. A
balance may be reached, however, in which both
activities are maintained at a high level.
Media for the culture of mycobacteria have been

designed for primary isolation of bacteria from
sputum specimens (gula, 1963), for the testing of
drug susceptibility (Middlebrook & Cohn, 1958),
and for distinguishing between growth characteristics
of strains. Though excellent for these purposes,
most media have been found unsuitable for phage-
typing tests. Many substances have been tested for
their effects on phage action and evaluated as
constituents of the medium.

It is difficult to observe the results of phage lysis
on opaque media that contain eggs or other dense
materials, but agar media are sufficiently transparent
for plaques and spots to show to advantage. White
& Knight (1958) demonstrated the detrimental effect
of surface-acting agents such as Tween 80 on the
adsorption of phage. This factor has limited the use
of liquid media in phage work on the mycobacteria,
since a surfactant must be used to obtain dispersed
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growth. A similar effect of Tween 80 on phage is
noted in solid media, but with them there is no need
for a dispersing agent. Malachite green has been
shown to interfere with phage activity in a manner
that is not yet understood. The addition of malachite
green to the concentration present in Lowenstein-
Jensen medium to the RVA medium that is
described below reduced phage lysis to less than
30 %. Reduction of the agar concentration from the
usual 1.5% to 1.1% was found to increase the
number of plaques by about 100%. Calcium in
the form of the divalent cation also augments the
action of phage in most cases (Bowman, 1958). For
this effect, calcium chloride is added to 1 x 10-3
molar concentration. In order to prevent precipi-
tation of the calcium, concentrations of citrate and
phosphates must be held to a minimum. Magnesium
is found to be beneficial in many phage reactions.
Many specific requirements, such as tryptophane,
have been reported for some phages, and it is likely
that mycobacterial phages may be found that require
certain organic substances.

Technical procedures used in phage-typing other
bacteria have been modified for use with the myco-
bacteria. The routine test dilution (RTD) method
has been shown to produce specific and reproducible
results that differentiate between strains of myco-
bacteria not recognizable by other methods (Red-
mond, Cater & Ward, 1963; Ward & Redmond,
1962; Redmond, 1963a).
Even with the best medium and the best procedures

available, phage-typing depends on the use of
phages with sufficient specificity to act on some
strains and not on others. Although several phages
with specific lytic action have been isolated from soil
(Redmond & Cater, 1960; Cater & Redmond, 1961)
and from human excreta (Cater & Redmond, 1963),
the majority of the phages used in typing the myco-
bacteria have been adapted to lyse certain previously
non-susceptible strains that are of importance in
human disease.

In association with the World Health Organization
and especially with the WHO Tuberculosis Reference
Laboratory in Prague, we have tested more than
100 modifications of various media-namely,
Sula's medium (gula, 1963), Middlebrook's 7H9
and 7H10 media (Middlebrook & Cohn, 1958) and
Dubos' oleic acid albumin agar medium (Dubos &
Middlebrook, 1947)-in a search for one best
adapted to phage work. Some lysis was observed
on each medium tested. However, as changes were
made that ppoduced improvements, the different

media tended to have many similar components. A
new medium (RVA) was formulated on the basis of
the results of these tests. Although improvements
are still possible, this medium has been found, for
phage-typing of the mycobacteria, to be superior to
those widely used for other specific purposes. It has
been formulated for work with " atypical " strains in
particular.

RVA AGAR MEDIUM

Certain procedures have been found to be neces-
sary in the preparation of the RVA medium in order
to prevent the inactivation or the interaction of some
of the components. These procedures are incorpor-
rated in the formula and should be followed for
best results.

RVA-17

Solution A
Glycerol.
Nutrient broth (Difco)
Sodium pyruvate
Na2HPO4 (anhydrous)
KH2PO4.
NH4Cl .
NaCl.
Casein hydrolysate (enzyn
ZnSO..
CuSO4, 5H2O .....
Distilled water . .

Autoclave at a pressure
for 20 minutes.

... . . . . ... 8.0ml

... . . . . ... 4.0g

... . . . . ... 0.75g

.... . . . . 1.2g

. . . . . . . . 0.55 g
. . . . . . 0.5 g

.... . . . . ... 2.5g
iatic) . . . . . 2.0 g

.... . . . . . ... 0.0001 g

.... . . . . . ... 0.0001 g

... . . . . . ... 360 ml
of 15 lbf/in2 (1.05 kgf/cm2)

Solution B
Glucose (anhydrous) . . . . . . . . . . 5.0 g
Distilled water . . . . . . . . . . . . 50 ml
Autoclave at a pressure of 15 lbf/in2 (1.05 kgf/cm') for

15 minutes.

Solution C
MgSO4, 7H20 (lM solution) . . . . . . mlrn
CaCl2 (1M solution) . . . . . . . . . . 1 ml
Agar (certified) . . . . . . . . . . . . 11.0 g
Distilled water. ........ 485 ml
Melt agar; add MgSO4 and CaCI,. Autoclave at a

pressure of 15 lbf/in2 (1.05 kgf/cm') for 20 minutes.
Add I ml of Fe stock solution.*

* A solution of 2 g of FeCI,, 6H,0 in 100 ml of distilled water.
Sterilize by Seitz filtration.

Solution D
Sodium glutamate (stock solution) * . . . 5 ml
* A solution of 10 g of sodium glutamate in 100 ml of distilled

water. Sterilize by Seitz filtration.
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Solution E: oleic-acid-albumin complex
Albumin (bovine fraction V) . . . . . . 3.5 g
Distilled water . . . . . . . . . . . . 95 ml
Oleic acid and NaOH mixture * . . . . 5 ml
NaOH (2.5N) . . . . . . . . . . . . . 0.35 ml
Sterilize by Seitz filtration. Warm to about 45°C.
* A mixture of 0.12 ml of oleic acid and 10 ml of 0.05N NaOH.

Mix solutions A, B, C and D after each has been
sterilized. Cool to 47°C and add 100 ml of the oleic-acid-
albumin complex (solution E). Mix gently so as to avoid
the formation of bubbles. Dispense 30 ml per plate into
sterile Petri dishes.

After the medium has solidified, the plates should
be dried in the incubator for 48 to 60 hours and then
stored in the refrigerator until needed. Do not use
when more than three weeks old.

RVB LIQUID MEDIUM

A similar medium without agar has been found to
produce excellent growth of mycobacteria for phage
work. This RVB medium contains Tween 80 as a
surfactant in order to produce dispersed growth of
pathogenic mycobacteria. It has the following
composition:

RVB-6

Solution A

Glycerol.
Nutrient broth (Difco) .

Sodium pyruvate .... . .

Na2HPO4 (anhydrous)
KH2PO4.
NH4CI .

NaCl.
Casein hydrolysate (enzymatic)
ZnSO4.
CuS04, 5H20 ........

Tween 80 (stock solution) * .

Distilled water

8.0 ml
4.0 ml
0.75 g

1.2 g
1.0 g

0.5 g
2.5 g
2.0 g
0.0001 g
0.0001 g
2 ml

360 ml

Autoclave at a pressure of 15 lbf/in2 (1.05 kgf/cm2)
for 20 minutes.

* A solution of I part of Tween 80 in 3 parts of distilled water.
Autoclave at a pressure of 15 lbf/in' (1.05 kgf/cm') for 15 minutes.
Shake tubes after autoclaving while still hot to remix the Tween 80
and water.

Solution B

Glucose (anhydrous) . . . . . . . . . . 5.0 g
Distilled water . . . . . . . . . . . . 50 ml

Autoclave at a pressure of 15 lbf/in2 (1.05 kgf/cm')
for 15 minutes.

Solution C
MgSO4, 7H20 (1M solution) . . . ... 1 ml
CaC12 (1M solution) . . . . . . . . . . 0.5 ml
Fe (stock solution) * . . . . 1 ml
Distilled water . . . . . . . .... . 485 ml
Autoclave at a pressure of 15 lbf/in2 (1.05 kgf/cm2)

for 20 minutes.
* A solution of 50 mg of FeCI,, 6H2O in 100 ml of distilled water.

Solution D
Sodium glutamate (stock solution) * 5 ml
* A solution of 10 g of sodium glutamate in t00 ml of distilled

water. Sterilize by Seitz filtration.

Solution E
Albumin (bovine fraction V) . . . . . . 2.5 g
NaOH (2.5N) . . . . . . . . . . . . 0.70 ml
Distilled water . . . . . . . . . . . 100 ml
Sterilize by Seitz filtration.
Mix solutions A, B and C after autoclaving. Cool to

47°C and add solutions D and E. Dispense into tubes,
10 ml per tube.

The preparation of the RVB-6 medium should
follow the procedure indicated in the formula. As in
the case of the RVA agar medium, several of the
components have been found to react when mixed
under certain conditions, and some ofthe compounds
are not stable on autoclaving. The suggested stock
solutions may be used for long periods of time if kept
in the refrigerator. It is possible that bovine serum
would be a satisfactory substitute for the bovine
albumin fraction V. Serum cannot be used in the
agar medium, as it has an inhibitory action on the
phage.

Nutrient broth is used for making and for storing
suspensions of phage and bacteria. A satisfactory
medium is made by adding 5 g of sodium chloride,
0.5 ml of a 1M solution of calcium chloride and 8 g
of Difco nutrient broth to 1 litre of distilled water.
Adjust to pH 6.8-7.0 with 2.5N NaOH and sterilize
by autoclaving.

LYOPHILIZED MEDIUM

In order that the medium may be supplied in
usable form to laboratories lacking in facilities for
preparing it, methods of lyophilizing sterile con-
centrations of the medium have been worked out.
A fivefold concentration of the medium may be
lyophilized with little difficulty, provided that the
glycerol, calcium, magnesium, iron, and agar are
omitted. The calcium, magnesium and iron com-
pounds may be prepared in sterile thousandfold
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concentrates and furnished in solution if necessary.
The glycerol and agar are added when the medium is
reconstituted; they are autoclaved in the required
amount of water and the other substances, and the
lyophilized medium is added immediately before
dispensing into Petri dishes. The RVB medium may
be prepared and lyophilized in a similar manner.
When lyophilized mixtures are used, the recon-
stituted medium should not be incubated before
dispensing, owing to the possibility of a few chance
contaminating organisms being present. Tests have
shown the lyophilized medium to be comparable to
the regularly prepared medium.

METHODS

Shipping phage and mycobacteria
Most phages are inactivated in some suspending

media when shipped, even for relatively short dis-
tances. We have found that both phage and bacteria
maintain normal activity for weeks or months if kept
on small (10 mm x 25 mm) agar plugs sealed in vials
at room temperature. These vials can be shipped
anywhere at small cost and with little difficulty.

In order to recover the phage or bacteria from the
agar plugs, add 1 ml-2 ml of sterile nutrient broth to
the vial and allow it to sit for about one hour.
Withdraw the liquid with a pipette and place in a
sterile tube. To culture the bacteria, add the con-
tents of one vial to two tubes of the appropriate
medium. Assay the phage as indicated.

Plating suspensions ofbacteria
A well-dispersed suspension of bacteria in loga-

rithmic growth is necessary for optimal phage
action. Most mycobacteria grow well in RVB
medium. In order to obtain a suspension containing
sufficient bacteria for phage work, several tubes of
RVB medium should be inoculated with approxi-
mately 0.5 ml each of a good suspension. Just before
peak growth is reached, centrifuge the cultures and
remove the supernate. Add 3.0 ml-3.5 ml of nutrient
broth to the bacteria and mix well with the pipette.
This suspension is now ready for plating with phage
or for spreading and spotting with phage.

Titration ofphage
The number of active phage particles per unit

volume (millilitre) should be determined for each
phage suspension. Make five tenfold dilutions of
the phage suspension in nutrient broth or other
optimal suspending material. Add each of these

dilutions, as well as the original undiluted suspension,
to a tube of plating suspension of the propagating
strain of mycobacteria in the ratio of 0.1 ml of phage
suspension to 1.0 ml of bacterial suspension. Pipette
each mixture on to the surface of an RVA plate and
spread so as to cover the entire surface uniformly.
Tilt the Petri dish and allow the excess liquid to drain
to one side. Remove all excess liquid with the
pipette. Place a cover on the plate and incubate at
37°C. Examine daily for lysis. Plaques will generally
appear after 24-72 hours, depending on the strains
used. Count the number of plaques on the most
representative plate(s) and estimate the number of
plaque-forming units (phage particles) per millilitre
of the original phage suspension.

Stock phage suspensions
After determining the number of phage particles

in the suspension at hand, estimate from the six
plates the approximate number of phage particles
needed to produce confluent plaques (complete lysis)
on a plate. Using a bacterial suspension similar to
that used in the assay, inoculate five or six plates with
the propagating bacteria and sufficient phage to pro-
duce complete lysis. After 2-5 days, when all unlysed
areas of bacterial growth have disappeared, add
about 3 ml of nutrient broth to each plate, rotate it
to flood the entire surface, and allow it to set at room
temperature or in the refrigerator for at least three
hours. Indeed, it may be advantageous to allow the
plates to remain overnight. Tilt the plates and draw
off all liquid. Wash the surface of each plate with a
small amount of nutrient broth (0.5 ml-l.0 ml) and
add this to the previous lysate. Centrifuge the liquid
to sediment the bacteria and debris, pipette off the
supernate and filter to remove all bacteria. (A milli-
pore membrane or sintered-glass filter of ultrafine
porosity is best for this purpose; Seitz filter pads
retain large quantities of the phage, especially if a
small quantity of a low-titre suspension is being
processed.) Titrate in the same manner as used to
determine the number of phage particles in the
original suspension. Record the titre on the tube and
store in the refrigerator. The titre will likely be
108-109 phage particles per millilitre. This stock
suspension, if kept in the refrigerator, will maintain
its activity for two to three years.

The routine test dilution (RTD)
Make eight tenfold serial dilutions of the stock

phage suspension. The same dilutions may be used
for titration and for RTD determinations.
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Prepare suspensions of the propagating bacteria as
indicated above. Do not add phage to these sus-
pensions. Cover the surface of two or three RVA
agar plates with the bacterial suspension, rotating
each plate to give an even distribution of the bacteria.
Tilt the plates and draw off the superfluous liquid
with a pipette. Place the plates in the incubator, but
do not stack them. Allow them to dry for two to
three hours. (The surface of the agar must be dry
before the procedure is continued.)
With a Pasteur pipette, place in marked (num-

bered) areas small droplets of the tenfold phage
dilutions in series, beginning with the original
undiluted suspension. Do not allow the drops to
merge. Allow these droplets to dry before returning
the plates to the incubator. Incubate at 37°C and
examine for clearing of spots at 24-hour intervals.
The most dilute suspension to produce complete
clearing is the routine test dilution (RTD).

Phage-typing with RTD suspensions

After obtaining RTD suspensions of the phages
that are to be used for typing mycobacterial strains,
one must work out a lytic pattern to be used for
comparison with the results of the tests on unknown
strains. This lytic pattern should include all pro-
pagating bacterial strains as well as other strains
with established classification.

Establish a pattern for spotting the plates spread_
with the bacteria and follow this pattern in all tests.
Nine, 12, or 16 spots may be made conveniently on a
100-mm Petri dish. Cards indicating the area to be
spotted with each phage may conveniently be placed
under each plate, since the medium is sufficiently
transparent to show the markings. Several phages
will lyse some bacterial strains other than those on
which they have been propagated. The lytic patterns
of the bacterial strains will vary, and on this basis
each strain may be differentiated and identified.

Inoculate two plates of RVA medium in the
same way as for RTD determinations with each
unknown bacterial strain to be tested. After spread-
ing the bacteria, allow the plates to dry for two or
three hours in the incubator. Spot each plate, using
the RTD of each typing phage. Each individual
worker can best determine the minute details
involved, which will vary in different laboratories.
Allow the spots to dry sufficiently to prevent running
together before moving the plates. After the spots
are dry, the plates may be stacked in metal con-
tainers and placed in the incubator. It is advisable
to check the plates after 24 hours and daily there-

after, as some phages act more quickly than others.
Final readings are generally made after four or five
days; however, a slow-growing bacterial strain may
take slightly longer. Rarely do any further changes
occur after seven days of incubation. Compare and
match the lytic pattern produced on the unknown
strains with those of the known strains.

This procedure has been tested on numerous strains
and has been found to give good results on the patho-
genic mycobacteria. The soft-agar layering technique
that may be used for the rapidly growing saprophytic
strains (and many other bacteria) has not been found
to work as well on the pathogenic mycobacteria.

Suggested phage-typing experiment
Before undertaking to phage-type unknown myco-

bacteria, it is suggested that experiments with a
limited number of well-established strains and the
respective typing phages be carried out. Most details
may be worked out in a pilot test involving human
and bovine tubercle bacilli and Mycobacterium
kansasii. As indicated in the accompanying table,

HUMAN AND BOVINE TUBERCLE BACILLI AND
Myco. kansasiiWITH THEIR RESPECTIVE LYTIC

PATTERNS WHEN SPOTTED WITH PHAGES DS6A,
GS4E AND AGI

Bacterial Phage
strain DS6A GS4E AGI

Human + + +
Bovine + _ +
Myco. kansasi- +

the lytic patterns of phages DS6A, GS4E and AGI
show characteristic differences on these three strains.
By using the methods outlined above, a proficiency
in phage-typing may be acquired that can be trans-
ferred to tests on currently isolated strains of myco-
bacteria being tested with a larger number of phages.

These three phages and the respective propagating
bacteria may be obtained from this laboratory.
Also, the full set of phages for typing the myco-
bacteria is available to those interested in introducing
this method into diagnostic laboratories.

POSTSCRIPT
(October 1966)

Instead of 4.0 g of nutrient, it has been found
advantageous to use 2.0 g of nutrient broth and
2.5 g of Proteose peptone No. 3 (Difco) in both
RVA and RVB media.

8
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RISUMt

Les milieux generalement utilises pour l'isolement, la
recherche de la sensibilite aux medicaments et 1'etude des
particularites de croissance des mycobacteries ne se
pretent guere, dans la plupart des cas, aux epreuves de
determination des souches par les phages.
Apres avoir recherche l'influence de diverses modifica-

tions apportees aux milieux usuels sur I'action lytique
des phages, les auteurs ont mis au point un nouveau
milieu pour la determination par les phages des myco-
bacteries et specialement des souches dites atypiques.
Sa composition ainsi que les techniques utilisees pour sa
preparation sont donnees en detail. I1 existe sous forme
de milieu solide ou sous forme de milieu liquide sans
gelose. Moyennant certaines precautions, on peut egale-

ment obtenir une preparation lyophilisee. Quant aux
mycobacteries et aux phages, leur activite normale se
maintient pendant des semaines ou des mois s'ils sont
conserves sur gelose dans des flacons scelles, et leur
expedition ne pose aucun probleme.

Les differentes etapes de la determination des souches
par typage sont ensuite decrites: preparation des suspen-
sions de mycobacteries, titration des phages, etablisse-
ment de la dilution de routine pour le typage, definition
et comparaison du spectre de lyse sur une serie de souches
connues et inconnues. Avant de proc6der A 1'etude des
souches inconnues, les auteurs conseillent de pratiquer
des tests preliminaires au moyen de souches bacteriennes
et de phages connus qui peuvent etre facilement obtenus.
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