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Mycobacterium intracellulare is,
important causative agent of the pulmonary infec-
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The susceptibility testing of 86 strains of Mpycobacterium intracellulare, comprising 49
strains of human isolate, 21 of swine isolate and 16 of environmental isolate, to 10 kinds
of anti-tuberculous drugs was performed, using ring diffusion method (HIRAMINE, S.:]J.
Med. Technol., 15 : 271~273, 1971). M. tuberculosis H 37 Rv strain served as the control.

Susceptibility to the first choice anti-tuberculous drugs : The minimal inhibitory concent-
ration(MIC) of SM, PAS and INH against 86 strains of M.intracellulare were: SM, 20
ug/ml to 45 strains, 200 ug/ml to 38 strains, namely 200 gg/ml or less to 83 strains
(97%) in total; PAS, 10 ug/ml or less to 2 strains (2%) ¢ INH, 5 ug/ml or less to 19
strains (22%). The SM, PAS and INH completely inhibited the growth of H 37 Rv strain
of M. tuberculosis at MIC of 20, 1 and 0.1 ug/ml, respectively.

Susceptibility to the second choice anti-tuberculous drugs : All the drugs tested comple-
tely inhibited the growth of H 37 Rv strain of M. tuberculosis at MIC : KM, 25 ug/ml; CS,
20 u#g/ml ; TH, 25pug/ml; EB, 2.5 ug/ml; VM, 25ug/ml; CPM, 25 ug/ml; and RFP, 10
ug/ml.  The M.intracellulare strains inhibited to grow completely at the concentration
noted above were few as follows, with the exception of 66 strains (77%) to RFP : KM,
24 strains; CS, 3 strains; TH, 2 strains; EB, 3 strains; VM, 5 strains; and CPM, 1
strain. A consideradle number of strains were barely inhibited to grow at the high
concentration : KM, 100 ug/ml to 53 strains(62%), 1,000 ug/ml to 8 strains(9%), namely
61 strains (71%) in total ; CS, 40 ug/ml to 59 strains (69%) ; VM, 100 ug/ml to 51 strains
(59%) ; CPM, 100 zg/ml to 61 strains (71%). In the case of TH and EB, however,
susceptible strains were limited as follows : TH, 50 ug/ml to 17 strains (20%); EB, 5
ug/ml to 13 strains (15%). The cumulative numbers of susceptible strains at the maximal
inhibitory concentrations tested were as follows : KM, 1,000 ug/ml or less, 85 strains
(99%) ; CS, 40 pg/ml or less, 62 strains (72%) ; TH, 50 pgg/ml or less, 19 strains (22
%) ; EB, 5ug/ml or less, 16 strains (19%) ; VM, 100 ug/ml or less, 56 strains (65%) ;
CPM, 100 ug/ml or less, 62 strains (72%) ; and RFP, 50 ug/ml or less, 83 strains(97%).

It is concluded that many strains of M.intracelluare were sensitive to RFP, whereas
few strains were susceptible to SM, KM, CS, VM, and CPM. However, the susceptibility
of this bacterium to anti-tuberculous drugs was generally lower than that of M. tuber-
culosis. These findings nearly coincided with those of previous investigators who used
the routine dilution method.
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As the anti-tuberculous drug increases in number,
susceptibility testing of tubercle bacilli and nontu-
berculous mycobacteria to these drugs has become
laborious and time-consuming task, when the routine
dilution method is used. Then many attempts have
been made to find a simpler technique for this
purpose!). The ring diffusion method devised re-
cently by HIRAMINE?Y is simple and economical,
since susceptibility testing of tubercle bacilli to
two or three kinds of antituberculous drugs can
be made on one plate culture medium. The results
obtained by this method are reported to be consis-
tent with those by the dilution method in more
than 90%. Previously, we tested the susceptibility
of tubercle bacilli to streptomycin, para-aminosali-
cylic acid and isoniazid by HIRAMINE’s method and
confirmed these poinis®.

The present study was designed to investigate
susceptibility testing of M. intracellulare to various
anti-tuberculous drugs by the use of this new
method.

MATERIALS AND METHODS

Organisms

Eighty-six strains of M. intracellulare stocked
in our laboratory were used : they comprised 49
strains of human isolate, 21 of swine isolate and
Mpycobacterium tuber-
culosis H37Rv strain served as the control.

16 of environmental isolate.

Plate culture medium for ring diffusion method

Plate culture media were prepared in the following
manner. Three ml of 1% OGAWA egg medium were

Fig.1 Ring diffusion medium
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1% Ogawa egg medium

The bacterial suspension was spread on the
medium in the outer and inner rings of the
plastic Petri dish. (e) indicates the disks
containing drugs.

poured into the central disk of 3cm in diameter
which was made in the plastic Petri dish of 6 cm in
diameter and 1.5cm in height; 9 ml of the same
medium were poured into the outer ring of 1.5cm
in width. The plates were then sterilized at 90°C
for 60 minutes (Fig. 1). All the plates were prepared
by Kobayashi Pharmaceutical Co., Osaka and stored
at 4°C.
Drug susceptibility testing

One loopful of 2-week old culture grown on 1%
OGAWA egg slant was scraped off in a sterile bottom
flask of 100 ml containing 40 glass beads and di-
spersed in 1 to 2 drops of saline by hand shaking
and suspended in 4 ml of saline. It was then trans-
ferred to a test tube of 15X170 mm and kept at
room temperature for 5 minutes to precipitate bac-
terial clumps. The bacillary suspension was adjusted
to 0.15 of optical density at 540 nm of Spectronic
20 (Shimazu Manufacturing Co., Tokyo). A sponge
with a stick pre-sterilized in gas (Kobayashi
Pharmaceutical Co., Osaka) was absorbed fully the
bacterial suspension, and it was pressed gently
against the internal wall of a test tube so that a
little amount of fluid escaped from the sponge.
The bacterial suspension was then spread on the
medium in such a way as passing the sponge over
the surface of the plate. After the surface of the
plate was dried enough, with the lid of the Petri
dish partially opened, disks containing the following
drugs were placed and pressd gently onto the plate
with a sterile forceps. All the procedures were
done in a safty hood. After 3 weeks incubution at
37°C, the susceptibility to the drugs was recorded
by the evaluation table of Kobayashi Pharmaceutical
Co. which was made according to HIRAMINE's paper
(Fig.2). The names and the concentration of the
drugs contained in the disks (Eiken Kagaku, Tokyo)
were as follows : streptomycin (SM), 400 ug;
isoniazid (INH), 2 ug and 20 ug ; para-aminosalicylic
acid (PAS), 50 ug; kanamycin (KM), 1,000 ug;
ethionamide (TH), 50 ug; cycloserine (CS), 100
ug ; ethambutol (EB), 25 ug ; viomycin (VM), 500
ug 3 capreomycin (CPM),
(RFP), 500 ug.

500 ug ; and rifampicin

RESULTS

Susceptibility to the first choice anti-tuberculous
drugs

The minimal inhibitoy concentrations (MIC) of
SM, PAS and IMH against 86 strains of M. intra-
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Fig. 2. Judgement table for susceptibility testing by ring diffusion method
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1. Petri dish is placed on the judgement table and the zero points
(®) are set. Judgement for sensitivity and resistance (complete
and incomplete) are done by examining the extension of bacillary
growth to certain concentration area and by the difference of
extension of bacillus as compared to control at the time when the
bacillus is beyond the bordering line.

2. The presence or absence of resistance to 5 ug of INH (or 50 ug of
RFP) is determined only by either the presence or absence of growth
of bacillus. The concentration of each agent is shown as ug/ml.

Table 1 Susceptibility of 86 strains of M. intracel- Table 2 Susceptibility of 86 strains of M. intracel-

lulare to the first choice antituberculous drugs lulare to the second choice antituberculous drugs
MIC Number of MIC Number of
Drugs (ug/ml) strains Total Drugs (ug/ml) strains Total
20 45(52% 25 24(28%)
M ( f > | s o .
200 38(44%) KM 100 53(62%) 85(99%)
1, 9
oA 1 1C1%) ”e 2% 000 8( 9%)
10 10 1%) ’ cs 20 3C3%) | o rmay
0, (4
0.1 0 40 59(69%)
INH . 9 4 2 2( 24
1.0 1C1%) 19(22%) T 5 ( OA) 19(229%)
5.0 18(21%) 50 17(20%)
2.5 3( 3%)
cellulare were summarized in Table 1 : SM, 20 ug/ EB 5.0 13(15%) 16(19%)
ml to 45 strains, 200 ug/ml to 38 strains, namely 0
200 zg/ml or less to 83 strains (97%) in total; VM 25 5¢ Gf) 56(65%)
PAS, 10 ug/ml or less to 2 strains (2%) ; INH, 5 100 51(59%)
ug/ml or less to 19 strains (22%). The SM, PAS 1( 14
¢/ I (2%) CPM 25 € 1% 62(72%)
and INH completely inhibited the growth of H37Rv 100 61(71%)
strain of M. tub'erculosis at MIC of 20, 1, and 0.1 10 66C77%) ]
ug/ml, respectively (data not shown). RFP o 83(97%)
. . . 50 17(20%)
Susceptibility to the second choice anti-tuber-
culous drugs growth of H37Rv strain of M. tuberculosis at MIC :

All the drugs tested completely inhibited the KM, 25 ug/ml; CS, 20 ug/ml; TH, 25 ug/ml; EB,
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2.5 ug/ml; VM, 25ug/ml; CPM, 25ug/ml; and
RFP, 10 ug/ml. The MIC of these drugs against
86 strains of M. intracellulare were summarized in
Table 2. The strains inhibited to grow completely
at the concentration noted above were few as fol-
lows, with the exception of 66 strains (77%) to
RFP : KM, 24 strains ; CS, 3strains; TH, 2strains;
EB, 3 strains; VM, 5 strains; and CPM, 1 strain.
A considerable number of straine were barely in-
hibited to grow at the high concentration : KM, 100
pg/ml to 53 strains(62%), 1,000 ug/ml to 8 strains
(9%), namely 61 strains(71%) in total ; CS, 40 ug/
ml to 59 strains (69%) ; VM, 100 ug/ml to 51 strains
(59%) s CPM, 100 ug/ml to 61 strains (71%). In
the case of TH and EB, and EB, however, suscep-
tible strains were limited as follows: TH, 50 ug/
ml to 17 strains (20%) ¢ EB, 5 ug/ml to 13 strains
15%).

strains at the maximal inhibitory concentrations

The cumulative numbers of susceptible

tested were as follows : KM, 1,000 ug/ml or less,
85 strains (99%) ; CS, 40 ug/ml or less, 62 strains
(72%) ; TH, 50 ug/ml or less, 19 strains (22%) ;
EB, 5 ug/ml or less, 16 strains (19%) ; VM, 100
pg/ml or less, 56 strains (65%) ; CPM, 100 ug/ml
or less, 62 strains (72%) ; and RFP, 50 u#g/ml or
less, 83 strains (97%).

DISCUSSION

The in vitro susceptibility of M. intracellulare
to various anti-tuberculous drugs is lower than that
of M. tuberculosis. On the application of chemo-
therapy for this infection, therefore, it is necessary
to choose a combination therapy with drugs which
have proved a little or more effective by suscepti-
bility testing to various anti-tuberculous drugs.
It is the reason why any simpler method for sus-
ceptibility testing to various anti-tuberculous drugs
is required.

Previously, we® performed comparative studies
on dilution method and ring diffusion method in
drug susceptibility testing of M. tuberculosis (33
strains), and reported that the either result was
nearly consistent with each other, rate of corres-
pondence being 88% for SM, 20 ug/ml; 97% for
SM, 200 ug/ml; 91% for PAS, 1 ug/ml; 94% for
PAS, 10 ug/ml; 919% for INH, 0.1 ug/ml, 97% for
INH, 1 pg/ml; 94% for INH, 5 ug/ml. OQur data
were quite similar to those of HIRAMINEZ4,

In the present study, we have adopted solely ring
diffusion method for susceptibility testing of M.

intracellulare to various anti-tuberculous drugs
and compared the results with those of previous
investigators.

The H37Rv strain of M. tuberculosis was com-
pletely inhibited to grow with the first (SM, PAS,
and INH) and the second (KM, CS, TH, EB, VM,
CPM,
the minimal concentrations tested as indicated in
the Guide for Examination of Tubercle Bacillus).

and RFP) choice anti-tuberculous drugs at

However, there were no strains of M. intracellulare
showing such high suceptibility to these drugs
except for RFP which showed complete inhibition
against 66 of 86 strains (77%) at the minimal
concentration tested, 10 ug/ml. According to several
authors®-?, M. intracellulare was resistent to most
anti-tuberculous drugs, although few strains were
sensitive slightly to SM, VM, CS, KM and EB.
Except for EB, a similar tendency has been ob-
served in our present study using ring diffusion
method. As for RFP, RYNEARSON ef al.® described
that it had less effect against this bacterium grown
On the other hand, KUZE ef al.®
demonstrated that RFP was generally the most

on 7H 10 agar.

active against this bacterium cultured in DUBOS
liquid medium, although the effect was variable
depending upon strains. We have observed a similar
tendency in the present study where ring diffusion
method was used.

In conclusion, ring diffusion method is of use for
susceptibility testing to anti-tuberculous drugs not
only of M. tuberculosis but also of M. intracelluare,
although further studies are necessary as for EB.

SUMMARY

The susceptibility testing of 86 strains of M.
intracellulare to 10 kinds of anti-tuberculous drugs
was performed, using ring diffusion method. It was
shown that many strains of this bacterium were
sensitive to rifampicin, whereas few strains were
susceptible to streptomycin, kanamycin, cyclo-
serine, viomycin, and capreomycin. However, the
susceptibility of M. intracellulare to anti-tuber-
culous drugs was generally lower than that of M.
tuberculosis. These findings nearly coincided with
those of previous investigators who used the routine

dilution method.
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Mpycobacterium tuberculosis H37TRv #k % B &
L, M.intracellulare 3t 86 # (e +H3k 49 ¥, 7
23k 21 %, BRFEkK 16 ¥) © 10 EoEZHA,
streptomycin (SM), isoniazid (INH), para-amino-
salicylic acid (PAS), kanamycin (KM), ethionamide
(TH), ethambutol(EB), cycloserine(CS), viomycin
(VM), capreomycin (CPM) % X v¢ rifampicin (RFP)
CRTARZHRBY Y v IHE (Fig %:BERR
&, 15:271, 1971) TRHELLER, HEBEUTEXS
L5 mRE B,

1) M.tuberculosis 2V ¥ Z7H#ER X » T b &%
ERERS (BHEMS : 64~70 B, HERAREED
£, B&E, 1972) e IhcHEEROREBERER X
S TELRBEE N A bR,

2) M.intracellulare TIXHREH O BEHRIEE

CTHELBEBE D XL EKE SM (2200 zg/ml),
KM (£1,000 ug/ml) % X vt RFP (<50 ug/ml) Tix
EhZh 83 #%(97%), 85 #:(99%) ¥ X vt 83 # (97
%) LBHTERE, Ft CS (Z40ug/ml) ¥ X O
CPM (<100 ug/ml) iz 4 62 % (72%), VM (100
upg/ml) Tk 56 #k (65%) & HERHNERC AL AL,
BBOHBEEDR R L, M. tuberculosis kb H—R/E
WREHER L LGRS BERIA TV A HRER X
AREEMOBLLE I Akl oo k¥, O EH
(PAS, INH, TH %X v EB) e L T EKSHEKRD
BERBED TER (2~22%) Tholo

3) ROV v I/kEEwR X B M. intracellulare ©
HENERACK T 2RZHEARBRREI A oA X
HPAERRBEOCHEKRZE (ULAREE : EWRE, 9, 19,
1976) L X —HKTHLDDIH>ThHol,



