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From experiences of our laboratory concerned with the identification of mycobacteria since 20
years, a simple identification system of clinically important mycobacteria was presented for clinical

laboratories which are not specialized for this work. The system consists of 10 tests (9 media) shown
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in Table 1.

The results of the tests on various mycobacteria are shown in Tables 2 and 3. From

these data, an identification table shown in Table 4 was presented.
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Table 1. Tests and Media

Test Medium
Growth after 3 days Ogawa egg medium (incubated in the dark)2
Colony pigmentation in the dark The same medium as above is used
Photochromogenicity Ogawa egg medium (incubated under exposure
light)a
Resistance to NH,OH-HCI (0.5 mg/ml) Ogawa egg medium containing NH,OH-HCI
(Resistance to HA)1617 (0.5 mg/ml)a
Resistance to p-nitrobenzoic acid (0.5 mg/m) Ogawa egg medium containing p-nitrobenzoic acid
(Resistance to PNB)18 (0.5 mg/mi)a
Resistance to ethambutol (5 pg/ml) Ogawa egg medium containing ethambutol
(Resistance to EB)19 (5 pg/ml)a
Degradation of p-aminosalicylate (PAS)20 Ogawa egg medium containing 0.2 % sodium
p-aminosalicylate2
Tolerance to 0.2 % picric acid A modified Sauton agar medium containing 0.2%
(Tolerance to PA)2223 picric acid (pH 7.0)b
Nitrate reduction (after 24 hours)2 Refer to ¢
Tween hydrolysis (after 7 days and 14 days)2 Refer to d

Inoculation source. A bacterial suspension, 10 mg wet weight per m/, was prepared from a 3 to 5 day-old culture (rapidly
growing mycobacteria) or from a 14 to 21 day-old culture (slowly growing mycobacteria), which grew on an Ogawa egg
medium slant. One loopful sample (0.01 m/) of the suspension was inoculated onto each medium of the above, and the
media were stoppered by a gum cap with a 3mm cut-line in its bottom and incubated at 37°C in the dark, except for
one tube of the Ogawa egg medium containing no agent, which was incubated at 37°C under exposure to light (a 40
watt-incandescence light, 30 cm). Good aeration is essential for photosynthesis of carotenoids by photochromogenic myco-
bacteria®® .

Reading of results. After incubation for 3 days, the growth on the Ogawa egg medium containing no agent, which was
incubated in the dark, was observed. If abundant membraneous growth occurred after 3 days, the results of all tests were
read after incubation for 7 days. If no growth or only scanty growth occurred after 3 days, the results of all tests were
read after incubation for 14 days. If no abundant growth was observed even after 14 days, the time of reading the results
was extended until the end of incubation for 21 or 28 days.

The reading of the growth on PNB medium (Ogawa egg medium containing p-nitrobenzoic acid, 0.5 mg/m/), which is
used for screening of mycobacteria other than M. tuberculosis and M.bovis, was read after incubation at 37°C for 21 days.
The reading of the growth on this medium is exceptional. Not only presence of abundant membraneous growth but also
presence of thin membraneous growth was read as positive.

Remark. Direct inoculation of a stock culture onto the test media may be done by a loop.

a. Preparation of Ogawa egg medium. Ogawa egg medium was used as a basic medium. Its composition as follows :
Basal solution (1% KH.PO. and 1% sodium glutamate), 100m/; whole eggs, 200m/; glycerol, 6 m/; 2% aqueous solution
of malachite green, 6 m/ (the pH,6.8). The medium was poured in 7m!/ quantities into tubes, 165 by 16.5 mm, and made
as slopes by sterilization at 90°C for 60 minutes. When some agents were added to Ogawa egg medium, they were added
before sterilization. p-Nitrobenzoic acid was first dissolved in propylene glycol at a concentration of 25mg/m/, and its
two volumes was added to 100 volumes of the Ogawa egg medium before sterilization. Other agents were dissolved in
distilled water and added to the medium, to give a final concentration described in table, before sterilization.

b. Preparation of a modified Sauton agar medium containing 0.2% picric acid (PA agar). A modified Sauton agar medium
was used as a base of picric acid-Sauton agar medium. Its composition is as follows : Glycerol, 30 m/; sodium glutamate,
4.0g; KH,PO., 0.5g; MgSO.-7H.0, 0.5g; ferric ammonium citrate, 0.05g; citric acid, 2.0g; purified agar, 20.0g; distilled
water, 970 ml. The pH of the medium was adjusted to 7.0 by adding a 10% KOH solution and sterilized by autoclaving at
120°C for 20 minutes. To prepare the PA agar medium, 200m/ of the above medium was melted by heating in a water
bath. To this, 0.4g of picric acid was added. The pH of the medium was adjusted to 7.0 by adding a 10% KOH solution,
mixing well the medium. The medium was poured in 7m! quantities into tubes, 165 by 16.5 mm, and sterilized by heating
at 100°C for 10 minutes. The medium was made as slopes after cooling.

c. Nitrate reduction test. The composition of the test medium is as follows : M/15 phosphate buffer solution, pH 7.1, 100
ml; Tween 80, 0.5 m/; NaNOQ,, 0.2g. The medium was poured in one m!/ quantity into tubes and sterilized by autoclaving
at 120°C for 20 minutes. To this medium, a 0.3 m/ sample of a bacterial suspension (10 mg wet weight/m/) or three loop-
fuls (3 to 5mg wet weight) of bacteria were inoculated. The medium was shaken vigorously and incubated at 37°C for 24
hours. To this medium, two drops of the Ehrlich’s aldehyde reagent (a 10% HCI solution containing 2% p-dimethylamino-
benzaldehyde) and 0.5 ml of a 10% HCI solution were added, and the color of the medium was observed after one minute.
A medium without inoculation should be used as a control. Yellow coloring of the medium shows the formation of nitrite
from nitrate. According to our results, there is no Mycobacterium which can consume nitrite within a 24 hour-incubation
period. Therefore, it is not necessary to confirm the presence of nitrate remained by adding zinc powder. This method
of testing the nitrate reduction was described by Tsukamura** in 1951, and thereafter slightly modified” .

d. Tween hydrolysis test. The composition of the test medium is as follows : M/15 phosphate buffer solution, pH 7.1, 100
ml; Tween 80,0.5m/; 0.1% aqueous solution of neutral red, 2.0 ml. The medium was poured in 4 m/ quantities into tubes
and sterilized by autoclaving at 120°C for 20 minutes. Each medium was inoculated with one loopful of bacteria and incu-
bated at 37°C. The color of the medium was observed after incubation for 7 days and for 14 days. A medium without
inoculation should be incubated as control. Development of deep red color shows a positive reaction. The incubation
period originally described by Wayne et al** was 5 days and 10 days, but these were modified by us as after 7 and 14
days, as the observation on the same day of the week was considered as convenient.
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Table 2. Characters of Slowly Growing Mycobacteria

Number of strains showing positive reaction

@ g & o8 % & @

, « & 9 E§ 8 23 8 £ 8¢ 8 g 8
Species 5 % g FT ¢ T2 3 S2 BH g 8 g
8, 5 5 5% €» ox% § o8 C 5 % §

28 3, £ Fg 88 £ 2 ES 8% 2. E, Eg

25 55 S5 5% £L 28 P8 £ s IF A 47
M. tuberculosis 20 0 0 0 0 20 0 0 0 0 0 0
M. bovis 10 0 0 0 0 1 0 0 0 0 0 0
M. microti 1 0 0 0 0 0 0 0 0 0 0 0
M. kansasii 40 0 0 0 37 40 7 40 40 0 0 30
M. marinum 20 0 0 0 19 0 15 7 7 13 0 14
M. simiae 5 0 5 0 5 0 5 0 0 5 0 5
M. asiaticum 5 0 0 0 5 0 5 0 0 5 0 5
M. scrofulaceum 20 0 0 20 0 0 16 0 0 16 0 20
M. gordonae 20 0 0 20 0 0 0 18 18 0 0 20
M. szulgai 5 0 0 5 0 5 0 0 5 0 0 5
M. xenopi 5 0 0 5 0 0 5 0 0 0 0 4
M. avium 20 0 0 0 0 0 16 0 0 16 0 20
M. intracellulare 79 0 0 0 0 0 75 0 2 69 0 79
M. malmoense 10 0 0 0 0 0 6 0 10 7 0 10
M. nonchromogenicum 20 0 0 0 0 0 0 20 20 20 0 18
M. terrae 10 0 0 0 0 4 1 10 10 10 0 10
M. triviale 10 0 0 0 0 3 2 10 10 10 0 10
M. shimoidei 5 0 0 0 0 0 0 0 5 0 0 5
M. gastri 5 0 0 0 0 0 0 5 5 0 0 5

The results were read after incubation at 37°C for 14 days, except for M. tuberculosis, M.bovis, M.microti, and M. xenopi, the
results of which were read after incubation for 3 or 4 weeks. The growth on the PNB medium was read in all test strains

after incubation at 37°C for 3 weeks.

Table

3.

Characters of Rapidly Growing Mycobacteria

Number of strains showing positive reaction

T . Br g T T e T o
Species 3 % s ot § ] E) TE g ) g
a3 < g S8 Gy ox £ - S g
22 % g gg 28 8% % §s 2 g 2

5% 2% 24 29 2E Sz da 5T Ex B2 G2

L 55 BF 5% £E 28 S8 2 &% &R &7
M. flavescens 5 5 5 5 0 5 0 5 0 0 5
M. thermoresistibile 5 5 5 5 0 5 0 2 0 0 5
M. phlei 5 5 5 5 0 5 0 5 0 0 5
. M. vaccae 5 5 5 5 0 0 0 5 0 0 5
M. parafortuitum 5 5 5 3 2 1 0 0 0 0 5
M. aurum 5 5 5 5 0 0 0 0 0 0 5
M. obuense 5 5 5 5 0 0 5 5 0 5 5
M. rhodesiae 5 5 0 5 0 0 0 5 0 0 5
M. neoaurum 5 5 5 5 0 1 5 5 0 0 5
M. aichiense 5 5 5 5 0 0 0 5 0 0 5
M. chubuense 5 5 5 5 0 3 0 5 0 0 5
M. tokaiense 3 3 3 3 0 0 3 3 0 0 3
M. duvalii 3 3 3 3 0 3 0 0 0 0 3
M. giloum 3 3 3 3 0 3 0 0 0 0 3
M. smegmatis 5 5 5 0 0 2 5 2 0 0 5
M. fortuitum 20 20 20 0 0 18 20 0 20 17 20
M. chelonei subsp. chelonei 10 10 0 0 0 0 10 0 10 10 10
M. chelonei subsp. abscessus 10 10 10 0 0 0 10 0 10 10 10
M. chitae 5 5 5 0 0 5 0 0 5 0 5
M. agri 5 5 5 0 0 0 0 0 0 0 5

All results were read after incubation at 37°C for 7 days.
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Table 4. Identification Table for Mycobacteria

. L “ " M o :
- 5 1§ §£ 8 & 3 E « & § 3
5 ¢ E. 2 3% 8 § & ¢ s £ 3 &
: = Ry T 9 s s Q 8 © S S
Species 3 8 AS £ 87 & Z B & = g & g
£ 0 BE 8 22 f §EgE: O: 0§ £ %
Er 2 2: fp E: ol 53 ELf Ba i 5 2
38 B Cf K3 Z2 # EBES BT ® AN B Z OB
M. tuberculosis - — — —_ + (—or+) — — - — — + R
M. bovis — — — — — — — — - S
M. kansasii — — — + + —or+ + + — — + _ R
M. marinum - - — + — 4or— —or+ —or+4 4or— — + —or+ S
M. simiae — -+ - 4% - + — — + — + + S
M. asiaticum — - - + - + — - + — + - S
M. scrofulaceum — - + - - + - - + — + - S
M. gordonae - — + — — — + + — — + — S
M. szulgai - - + - + - - + - - + - R
M. xenopi — — 4+ — — + — — — + — S
M. avium-M. intracellulare - - - - - + — — + — + — S
M. malmoense — — - - - 4or— — + + — + — S
M. nonchromogenicum-M. terrae | — - - — - - + + + - + — S
M. triviale — — — —  —or+4 — + + + — + — R
M. shimoidei - — — — — — — + — — + — R
M. gastri - — — - — — + + - - + - S
M. fortuitum + + - - 4+ + - + +4or— + — RS
M. chelonei subsp. chelonei -4 — - — - + — + + + — RS
M. chelonei subsp. abscessus + + - - - + = + + + - RS
M. obuense + + + — — + + — + + - S
Other Group IV + + 4or— — +or— 4or— +or— — - + —  SorR

When growth occurs after 3 days, the results of all tests are read after incubation at 37°C for 7 days, and when growth
does not occur after 3 days, the results are read after incubation for 14 days (or 21 days or 28 days). The growth on the
PNB medium is read after incubation for 3 weeks. *Feebly positive.

The findings of niacin test and colony morphology of fresh isolates are shown for consideration of identification, although
these are not included in this study.

Table 5. Fitness of Identification by Simple System of Fresh Isolates with the
Identification by Numerical Method

) Number of Percentage of strains in which
Species2 strains tested the identification of both methods
were the same

M. tuberculosis 10 100
M. kansasii 13 100
M. scrofulaceum 1 100
M. gordonae 2 100
M. avium-M. intracellulare 45 100
M. nonchromogenicum 1 100
M. fortuitum 6 100
M. chelonei subsp. chelonei 1 100
M. chelonei subsp. abscessus 4 100
Total 83 100

a All these were freshly isolated from sputum specimens of patients within six months and
identified by the method of numerical identification®® using 88 characters (slowly growing
mycobacteria) or 106 characters (rapidly growing mycobacteria). These 88 and 106 characters
were shown in previous papers'® '*,
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BEF3ED EBRT 2 ELU BRI NI ¥ 58 T3,
PIiE EB MiEDBHE, 5 1EHE (-), & 2/EHE
(), B3EHE (+) OB THIUE, (+) DR
BRT %,

28 2 13 B#k D contamination T, kS 2 ML 0D
BREORSY TH B L ER T2, OBE, ik
OB ETIRU T, 4 OFFE 2N B ks
BLTHRD L 2WOWDREDD 50 E 51005 2
ENB, 2HOEMNR U T &, BEHE%E O
W (BFLEL) DECNESRSZ ERSL, REC
ERT 2 ML, Ak, BEHLEIHLTLOTHLR
TECAEF 32 DINFEIHETH 59,

(6) Niacin test

Niacin test3® |ZEHEEE D\ tests D 1D TH B3,
niacin (=) O M. tuberculosis NEFET 5 & & 13 BRIC
WARIE~20 = DT, M. africanum . M. simige 3
niacin () T#H B3 (. R 7x &2 & huid,
M. africanum ¥ niacin (+) © M. bovis TH %), =
Dz, M. bovis®, M. kansasiit®4V, M. avium-M. in-
tracellulare*®~4 M. marinum®1®, M. chelonei subsp.
chelonei®®, M. chelonei subsp. abscessus (34 DFFEFERL
) 1L PHIRA S niacin (+) OEHAS B, Lt
“>C, niacin test | X % screening DBEIT, B D
BN DI EE 2 TR DN D B, 7ot PNB Bz
X% screening I L DE DB D 59,

S &

IRDEEMCIOED tests %4T7n 5 FE:CHIEE O F
BRI 5 HEAHE L, T OFERESE TS 32,
—Jt, FREH 25 b0 E B3,
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