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Introduction

The procedures presented here are those that used at the Centers for Disease Control (CDC), American
society of Microbiology (ASM), and world Health Organization (WHO).

They are not the only methods available, but they have proved to be reliable in Iranian National Reference
TB Laboratory and in other public health laboratories for the identification of M. tuberculosis.
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Growth rate:

The mycobacterium grouped with slow-growing if it takes more than 7 days of incubation for
mature colonies to be visible to the unaided eye. Rapid growers usually mature within 7 days.

Photo induction:
The mycobacteria may be divided into three groups on the basis of pigment production.
Photochromogens:

Cultures whose colonies are non-pigmented when grown in the dark, but become pigmented after
they are exposed to light for 1 or more hours.

Scotochromogens:
Cultures whose colonies produce pigment when grown either in the dark or the light.

Non-photochromogens:

Cultures whose colonies are non-pigmented or possess only pale shades of pigment and whose
color is unaffected by exposure to light.
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L 4 Thet A0 LT
A, B = photochromogen C, D= Scotochromogen E, F = Non-photochromogen

mto induction test: m& K‘—V?ﬂf"ﬁf?‘i’ul" s s 9 4SS5, o] dlﬁ\

1) Inoculate 3 tubes of agar or egg — base

with a suspension of organisms that will yield 2l S Lay e Al ¥ a3 g 43 bl &8,
isolated colonies when grown.

2) Shield 2 tubes from light by wrapping with ogsiwoall BME |y Lplaeo ol jl gl ¥ 03,5 o
black paper or aluminum foil.

3) Incubate all tubes at 35-37°C until visible s 3w S eSSl o Kl 4 3 YV o g asliS
growth is observed on unshield culture.

4) Remove shield from one of the culture tube an shb gla adg jI (S6 ML fgan Ayl o e IS
record any pigment observed, then exposed to

light from a 60 W lamp at a distance of 20-25 cm S Sl gl (adllas gl i) pudtine y55 0 1) SN

for 1 hour. Be certain cap of tube is loosened
during light exposure.

5) Replace shield (with cap still loose), re incubat L . . .
culture for 6-12 h or overnight. ST e IS g ¥ ye 55 el VF jlam g Jitie

6) Take all culture tubes (in light, in dark and in . . ) J§ 2
dark and light) and records the pigment 3 S0b > g (S 2 ) S ey S

\Tuctlon in them. / \\ (sls s, 5 o) "’y

555Ul s 1y S Lagme dly) puges g 42515 cslus
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Smooth and non-photochromogenic mycobacterium Smooth and photo-chromogenic mycobacterium
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Identification procedures

Examine the colony appearance on L.J culture media

!

Examine the acid-fastness of the primary culture

!

Record the time of growth

PR

Growth on more than 7 days Growth on less than 7 days

!

Chromogenic properties

A\ 4

a) Non-photochromogen

b) Photochromogen

» C) Scotochromogen
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Slow grower Mycobacterium
a) Non-photochromogens:

a.1: TB complex
a.2: Non-TB complex

a.1l: TB complex a.2: Non-TB complex
M.Tuberculosis M. avium complex
M.Bovis il et

M. gastri
M.Bovis.B.C.G M. terrae complex
M.africanum M. malmoense
M.Microti M. triviale

M. haemophilum
(Murine type of tuberculosis) M. shimoidei
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Slow grower Mycobacterium
A. Non-photochromogens

a.l: TB complex Temp .range

M. Tuberculosis. 33-39
M.Bovis 35-38
M.Bovis.B.C.G 35-38
M.africanum 35-38

o i e
S B

Catalase is same for TB complex group

Catalase, 68°C Catalase R°C
(H.9) (S.0)
e |
TCH Oxygen preference

@7 O
@ Microaerophilic Aerobic

v v
M. tuberculosis M. africanum M.Bovi M.Bovis.B.C.G
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Slow grower Mycobacterium
A. Non-photochromogens

a.2: Non-TB complex Temp .range
M. avium complex 22-45
M. Xenopi 35-45
M. shimoidei 30-45
M. gastri 25-40
M. terrae complex 22-37
M. malmoense 22-37
M. triviale 22-37
M. haemophilum 25-35

Niacin is negative for this group
@ < Nitrate Test ﬁ
v
/ Catalase / \

M.avium M.Malmoense M.gastri
M. Xenopi M.hemophilum
M.shimoidei
A v
NaCL Tolerance Tellurite Reduction Urease, Tween hydrolsis

M.gastri

@ M.terrae @ M. Xenopi @ M.hemophilm
@ M.triviale @ M.avium @
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Slow grower Mycobacterium

B. photochromes

/

Temp .range
M.Kansasii 25-40
M.Marinum 25-35
M.Simiae 22-37
M.Asiaticum 33-37
Niacin

|

\

Nitrate — Reduction

¢ C
@/@\@

Catalase
\ 4 A\ 4
68° = (+) 68° = (+)
S.Q>45=(+) S.Q>45=(+)
v v v
M.Simiae M.Marinum M.Kansassi
M.Asiaticum
M.Asiaticum M.Marinu
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Slow grower Mycobacterium
C. Scotochromogens

Temp .range
M.Scrofulaceum 22-37
M. szulgai 22-37
M.gordonae 22-37
M.flavescens 25-42

Niacin and Catalase are same for sciotoch romogens groups

'
©
S.Q>45=(+)

M.Scrofulaceum, M. szulgai
M.gordonae, M.flavescens

v
@ = Nitrate — Reduction > @

Tween-Opacity

Tween-hydrolysis

\4

A\ 4
@ M. szulgai 4_@_ NaCL 5% tolerance M.Scrofulaceum @
@ M.flavescens Urease 4®—> M.gordonae @
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Rapid grower Mycobacterium

3- Day arylsulfatase test

D e

Nitrate —reduction Pigment, Temp Rang: 17-52
Buff
v
M. fortuitum M. chelonae Yellow to orange
Temp.rang:22-40 Temp.rang:22-40 ¢
A 4
Colony Colony
Mac Conkey ’
l Rough Smooth Smooth Rough
: M.smegmatis Other rapidly growing M. vaccae M. phlei
Mycobacterium Species

NaCl tolerance, Nitrate reduction, Iron uptake is positive
for M.smegmatis, M.phlei and M.vaccae, M.fortuitum
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Niacin Test

This is one of the most reliable in-vitro tests for the identification of M.tuberculosis.
Materials

4% aniline, 10% cyanogens bromide, DW or 0.85% saline 95% ethanol.

Preparation

(4% aniline solution)

To 96.0 ml of 95% ethanol, add 4ml of colorless aniline. Store it in a brown bottle in the
refrigerator. If solution turns yellow, discard

(10% cyanogens bromide)

Dissolve 5 g cyanogens bromide in 50 ml D.W. Store in a tightly capped brown bottle in the
refrigerator.

(0.85% saline)

Dissolve 0.85 g sodium chloride in 100 ml D.W. Sterilize by autoclaving.

Classical Procedure

1) To the culture slant, add 1.0 ml of DW or saline.

2) Place the tube in slant position, so that the fluid covers the entire surface of the medium.
Allow the extraction to proceed for at least 15 minutes

3) Remove 0.5 ml of the fluid extract and transfer to a fresh scerwcap tubes.

4) Add 0.5 ml of the aniline solution

5) Add 0.5 ml of the cyanogens bromide solution

6) Observe for the formation of a yellow color, which should develop immediately.

Paper strip Procedure

Into 0.6 ml of the culture extract (obtained as above), insert the strip with identification ends —up.
Allow the test system to react at room temperature for 15 to 20 minutes.

Observe the color of the liauid in the bottom of the tube.
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Nitrate reduction test

Materials

Screwcap test tubes (16 x 125 mm), Water bath at 37°C, Loop or applicator sticks, NaNos,
KH,PO,, Na,HPO,.12H,0, HCL, Sulfanilamide, N-naphthylethylenediamine dihydrochloride
Distilled water, Zinc powder

Preparation

1) Substrate 0.01M sodium nitrate in 0.022 M phosphate buffer, pH= 7.0
Dissolve the following chemicals in order in 100 ml distilled water
NaNO; 0.085¢g

KH,PO, 0.117g

Na,HPO,4.12H,0  0.485¢

Sterilize by autoclaving

2) Carefully add 50.0 ml concentrated HCL to 50.0ml distilled water

3) Dissolve 0.2 g sulfanilamide in 100.0 ml distilled water

4) Dissolve 0.1 g N-naphthylethylenediamine dihydrochloride in 100.0 ml D.W. Store the
substrate and reagents in the dark under refrigeration.

Procedure

Using sterile loop or applicator stick, emulsify 2 spadesful of growth into the water.

Add 2.0 ml of NaNOj substrate solution. Shake by hand and incubate in upright position in 37°C
water bath for 2 hours.

Remove from the temperature bath.

Add one drop of HCL reagent, Two drop of Sulfanilamide reagent and add two drop of
N-naphthylethylenediamine dihydrochloride reagent.
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NITRATE RED

PAPER STRIPS
S Al g ’—, DIFCO PATHOTEC -—.' e

o

Results \
/Positive = red color development, which may range from positive pale pink (£) to deep red (5+)

Negative = no color development.

To confirm, add a small amount of powdered zinc to the mixture the zinc catalytically reduces nitral
to nitrite, and therefore a true negative test becomes red when zinc is added. If there is no colc
change, repeat the test.

Nitrite Test Strips for detection of nitrate reduction

Remove two spadesful of growth from culture and add to the saline.

Carefully insert a nitrite test strip so the bottom of the strip is inserted first. Hold the tube in a
vertical position and incubate at 37°C for 2 hours.

After 2 hours, carefully, tilt the tube back and forth six times to wet the entire strip.

Keep at room temperature for 10 minutes with the liquid covering the strip. Read the results.

Results: Positive = Top portion of strip changing to light blue or dark blue (difco); central portion of

strip changing to pink (General diagnostics)
Waﬁve = No color change /
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Catalase Test

Catalase is an intracellular, soluble enzyme capable of splitting hydrogen peroxide into water an
oxygen, 2H,0, 2 H,0+ O,. The oxygen bubbles into the reaction mixture to indicate catalase activit
The quantitative differences in catalase activity and differences in heat stability detected by the 68°
have proven to be useful taxonomic tools.

Materials

Water bath at 68°C

Loop or inoculating spade

30% hydrogen peroxide

10% Tween -80

0.067 M phosphate buffer, PH =7

Preparation

10% Tween 80. Mix 10.0 ml of Tween- 80 with 90.0ml D.W .Autoclave for 10 minutes at 121°C.
Immediately before performing the test, mix equal parts of superoxide and the tween -80 solution
0.067 M phosphate buffer, ph 7.0.

Na2HPO4 9.47g/1000ml D.W
KH2PO4 9.07 /1000mI D.W

Mix 61.1 ml of disodium phosphate with 38.9 ml of monopotassium phosphate. Check PH
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Procedure.l (Heat stable Catalase)

With a sterile pipette, dispense 0.5 ml of the PH= 7 phosphate buffer into sterile screwcap tes
tubes.

With sterile loop or applicator stick, emulsify one spadeful of growth from culture into phosphat:
buffer

Place the tubes at 68°C for 20 minutes . Time and temperature is critical.

Remove from heat and cool to room temperature

Add 0.5 ml of the Tween-peroxide mixture .Recap tubes loosely.

Results:

Observe for the formation of bubbles at the surface of the liquid. Hold the tubes for 20 minute:
before reporting

Positive: formation of bubbles

Negative: No bubbles

Procedure.2 (Semiquantative test)

Examine the 14 day-old L.J culture to ascertain that growth has occurred. (Instead of slant position
L.J culture media should be made in upright position to provide a butt or deep of solid medium).
Add 1 ml of the freshly —prepared Tween-peroxide mixture (as mentioned above), replace cap:
loosely and allow to stand at room temperature for 5 minutes.

Measure the height of the foan column.

Results:
Low catalase activity less than 45mm of foam
High catalase activity More than 45mm of foam
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Thiophen-2-Carboxylic Acid Hydrazide (TCH)

Susceptibility test
This test is valuable for distinguishing M.Bovis from M.tuberculosis. M.Bovis is susceptible to
low-concentration of TCH.

Method
L.J culture media or7H-10 Middle brook
Thiophen-2-carboxylic acid hydrazide.

Preparation
Prepare two batches of L.J culture media. One batch is drug-free control medium and the other
contained 10 pg/ml.

Procedures

Dilute a 7 day —old culture to 10  and 10 in sterile saline or water.

Inoculate one control and one drug —containing medium with 100 pl of each dilution.
Incubate for 3 weeks at 35° C in an atmosphere of 10% carbon dioxide.

Results
Record the organisms as resistant to TCH if growth on the drug- containing medium is equal to or
greater than 1% of that observed on the drug —free control medium.
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Tween Hydrolysis
The test medium contains tween 80 and the indicator neutral red in a buffered neutral solution.Normally,
neutral red is red at PH 7, but when bound by lipids or by Tween 80, the indicator dye takes on the amber or
straw color that it commonly has at more alkaline PH. When the bacterial esterases split the tween 80, it no
longer acts to bind the indicator dye and the neutral

Red then reverts to its usual color at PH 7, which is red, and the test is called positive

Materials

Tween -80

0.067M Phosphate buffer, PH=7. Aqueous neutral red, 0.1%, Screwcap tubes, 16x125 mm

Preparation

Phosphate buffer, pH=7

Na2HPO4 (0.067 M) 9.47g/1000ml D.W (solution a)

KH2PO4 (0.067 M) 9.07 /2000ml D.W (solution b)

To prepare 100ml of PH= 7.0 buffer, mix 61.1 ml of solution "a" with 38.9 ml of solution" b". Check the
PH of the final solution.

Substrate medium

Add the following in order, to 100 ml of PH= 7.0 phosphate buffer; 0.5 ml of tween 80 and 2 ml of a 0.1%
aqueous solution of neutral red.

Dispense the substrate in 2 ml amounts into 16X 125 —mm screwcap tubes. Autoclave at 121°C for 1C
minutes . The substrate should be straw or amber color after autoclaving. Store in dark at 4°c for no more
than 2 weeks.

Procedures:

Inoculate the substrate with a spadeful of test organisms from an actively growing young culture slant.
Incubate at 35°C. Examine after 1, 5, and 10 days .Do not shake tubes while reading them.

Results:

Positive = substrate turns pink to red

Negative = substrate remains amber — colored after 10 day.

Controls:

Use an uninoculated tube of substrate for the negative color control

M Kansasii server as a nositive control
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Urease

The ability of a culture to hydrolyze urea (releasing ammonia) is useful in identifying both scoto-
chromogens and non photochromogens.

Methods

Wayne method

Materials

Difco — bacto concentrate urea

Sterile Water, Screwcap tubes (13 x 100-mm)

Preparation

Aseptically mix 1 part of Difco — bacto urea concentrate with 9 parts of Sterile —water.
Dispense 3ml amounts into sterile Screwcap tubes.

Procedures

Inoculate the liquid substrate with a spadeful of young actively growing culture slant
Incubate at 350C

Observe for a color change

Results

Positive = color change from amber to pink or red

Negative = no color change

Controls

M.Scrofulaceum or M.Bovis as a positive control. An uninoculated tube of substrate and a tube inoculated
with M.gordonae serve as negative controls.
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3 and 14 days Arylsulfatase test
Arylsulfatase is an enzyme capable of hydrolyzing the bond between the sulfate group and the
aromatic ring structure in compounds with the general formula R-OSOsH .When the substrate
potassium phenolphthalein disulfate is incorporated into growth medium, the presence of free
phenolphthalein liberated by enzymatic hydrolysis is indicated by a red color that develops when
alkali is added.

Materials
Phenolphthalein disulfate(tripotassium salt), Middle brook 7H9 broth or Dubos Tween-albumin,
Alumin Dextrose Catalase (ADC) enrichment, Sodium-carbonate, D.W

Preparation

a) Prepare stock substrate solution

Dissolve 2.6 g of phenolphthalein disulfate(tripotassium salt), in 50 ml of D.W to make a 0.08 M
og stock solution. Sterilize by filtration through 0.22 um pore size membrane filter and store at
5°C.

b) 2N sodium carbonate

Dissolve 10.6 g of a anhydrous, Na,CO3in 100 ml of D.W. Sterilize by filtration through 0.22 pum
pore size membrane filter and store at room temperature

¢) Liquid medium

Use either Middlebrook 7H9 or Dubos broth .

Prepare two flasks, each with 200 ml of the sterile liquid medium

c.1) For the 3-day test medium: ascetically add 2.5 ml of the 0.08 M stock substrate to one flask of
200 ml of complete liquid medium to provide a 0.001 M substrate.

c.2) For the 14-day test medium; aseptically add 7.5 ml of the 0.08M stock substrate to the other
flask of 200 ml of complete liquid medium to provide a 0.003 M substrate.

Dispense each working solution in 2-ml amounts into screw cap test tubes and store at room
temperature or in the refrigerator.
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Procedures
Inoculate spadeful of organisms taken from an actively growing subculture on solid medium into

0.001 M substrate and 0.003 M substrate tube.

Incubate at 35 to 37 °C.
After 3 days of incubation, add only 6 drops of 2 N sodium carbonate to the 0.001 M substrate tube.
After 14 days of incubation, add only 6 drops of 2 N sodium carbonate to the 0.003 M substrate tube.

Results
A positive reaction = immediate color change to pink or red after addition of carbonate solution

(compare results with a set of color standards and record intensity of color (- to 5+)
A negative reaction = no color change

Controls
A tube of uninoculated substrate medium (as negative)
A tube of each substrate inoculated with M.Fortuitum (as positive)
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Arylsulfatase test Results Standards

a) M/15 Disodium phosphate buffer solutions

Buffer solutions are prepared by mixing two stock solutions in proportions to give the required PH.
Stock solutions

1) M/15 disodium phosphate:In a volumetric flask dissolve 9.47g of anhydrous Na2HPO4 in distilled
water to make one liter (1000ml )

2) M/15 monopotassium phosphate: In a volumetric flask dissolve 9.07g of KH2PO4 in distilled water to
make one liter (1000 ml)

PH 6.8 Buffered Solution

Mix 50.0 ml of (1) with 50ml of (2) .Check on PH meter.

PH7.0 Buffer Solution

Mix 61.1 ml of (1) with 38.9 ml of (2). Check on PH meter.

PH 6.6 Buffered Solution

Mix 37.5 ml of (1) with 62.5 ml of (2) .Check on PH meter.

b) 0.1% stock phenol red
0.1 gm phenolsulfonphthalein sodium salt in 100 ml distilled water. Autoclave for storage in the
refrigerator.

Tube M/15 Na,HPO4 .
No | (phosphate buffer solution) 0.1% phenol Red Reading
1 4 ml 10 drops 0.1% stock 5+
2 4 mi 1 ml from tube 1 4+
3 3ml 1 ml from tube 2 3+
4 3ml 1 ml from tube 3 2+
5 3ml 1 ml from tube 4 1+
6 3ml 1 ml from tube 5 +
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@gen preference Test \

The medium is middle brook 7H9 or
Kirchner broth rendered semisolid by the
addition of 0.1% pure agar and dispensed
in 10 ml amounts in screw-capped bottles.
Pipette 0.2 ml of the bacterial suspension
about 1 cm below the surface of the
medium and mix carefully, avoiding
bubbles and aeration.

Incubate at 370C for 18 days.

Aerobic strains grow at or near the
surface, while microaerophilic strains
grow as a band 10-20 mm below the
surface, sometimes extending upwards.

Controls:
Microaerophilic: M.Bovis/M.africanum

Aerobic:

M.Bovis .B.C.G/ M.tuberculosis
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Detection of Pyrazinamidase activity
Medium for detection of pyrazinamidase activity

Middle brook 7H9 broth 1000ml
Pyrazinamide 100 mg
Sodium pyruvate 29
Agar 159

Dissolve by steaming .Dispense in 5 ml amounts in screw-cap bottles and sterilize by autoclaving
at 1150C minutes. Allow to cool in the upright position so that butts rather than slopes are formed.
Procedures

Inoculate a heavy inoculum from afresh culture slant onto the surface of each of 2 tubes of
medium. So that the inoculums is visible to the naked eye.

Incubate at 37°C for 4 days

Remove one tube from incubator and add 1 ml of freshly prepared ferrous ammonium sulphate
(Fe (NH4)2(S04)2, 6H20) 1% to the tube.

Place the tubes in the refrigerator to prevent growth of contaminants.

After 4 hours, examine tubes for a pink band in the agar. To read hold the tubes against a white
background and use incident room light.

After 7 days incubation, remove the second tube from incubator and develop as tube first.

Note: If 4 —day test is positive, it is not necessary to hold the second tube for 7-day test.

Results:

Positive =a pink band in the agar

Control = no pink band in the agar

Test controls:

Positive control = M.tuberculosis, M.Avium, M.Marinum

Negative control = M.Bovis neative at 4 and 7 days,
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