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CHEMOTHERAPEUTIC REGIMENS FOR NONTUBERCULOUS MYCOBACTERIAL
INFECTION BASED ON IN-VITRO SUSCEPTIBILITY TEST RESULTS

Michio TSUKAMURA * and Sadaaki YAMORI
(Received for publication November 10, 1989)

Treatment of nontuberculous mycobacterial infection should be carried out by the
chemotherapeutic regimens most suitable for each species. We performed in—vitro suscepti-
bility tests for various species and determined the probability in which the mycobacteria of
each species are inhibited by blood concentrations attainable by the dosages usually
used. From such determinations, the following regimens have been recommended : 1) M.
avium—M. intracellulare complex, Rifampicin+Enviomycin+Ethambutol ; 2) M. kansasii,
Ofloxacin+Enviomycin+Rifampicin ; 3) M. szulgai, Enviomycin+Ethambutol +Isoniazid ;
4) M. fortuitum, Ofloxacin. The effectiveness of the treatment of the infection caused by
M. avium complex is less than 15% even using the above regimen, while it is high in the
treatment of infections caused by M. kansasii and M. szulgai. There are no effective
regimens for the treatment of infection caused by M. chelonae or M. simiae. The above
recommendations are useful in practice, because, at present, reliable susceptibility testing
of nontuberculous mycobacteria is not yet done commonly.
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Table 1. Distribution of Minimal Inhibitory Concentrations

of Rifampicin against Various Mycobacteria

Species No. of Minimal inhibitory concentration of rifampicin (#g/ml)

strains | 0.8 | 1.6 3.2 6.3 | 12.5 25 50 100 200 | >200

M. tuberculosis 20 6 10

M. avium complex 64 9 5 2 14 2 3 4 1 23

M. scrofulaceum 30 6 7 7 2 4 1 1

M. fortuitum 20 20

M. kansasit 30 1 3 18 7 1

M. marinum 26 2 5 9 6 3 1

M. malmoense 13 3 4 4 1 1

M. simiae 7 1 6

M. szulgai 23 1 1 1 5 5 5 4

M. xenopi 12 3 3 1 4 1

M. nonchromogenicum 20 3 1 5 7 3 1

M. gordonae 30 1 10 8 6 1 1 1 2

The minimal inhibitory concentrations were determined in Ogawa egg medium,
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Table 2. Distribution of Minimal Inhibitory Concentrations of Isoniazid
against Various Mycobacteria
Species No. fo Minimal inhibitory concentration of isoniazid (#g/ml )
i strains| 0:03(0.05{ 0.1 | 0.2 0.4( 0.8| 1.6 3.2| 6.3 |12.5| 25| 50 | 100 | 200 |>200
M. tuberculosts 20 1 (181
M. avium complex 64 2 6 10| 6 4 | 11| 6 8 4
M. scrofulaceum 30 2 1 2 4 211 1 5
M. fortuitum 20 31 2 2 21 2 9
M. kansasii 30 20 8 1 1
M. marinum 26 3 8|1 10| 4 1
M. malmoense 13 2 |11
M, simiae 7 111 4 1
M. szulgai 23 3112) 8
M. xenopi 12 1 6 5
M. nonchromo- 20 1 4 3
genicum
M. gordonae 30 2 9 | 10 3| 4

Table 3. Distribution of Minimal Inhibitory Concentrations of Ethambutol

against Various Mycobacteria

Soect No. of Minimal inhibitory concentration of ethambutol(ug/ml)
pocies strains 0.4 0.8 1.6 | 3.2 | 6.3 ] 12.5 25 50 | >50
M. tuberculosis 20 1 3 16
M. avium complex 64 3 3 6 18 24 7 2 1
M. scrofulaceum 30 1 8 6 11 3 1
M. fortuitum 20 10 10
M. kansasit 30 3 8 12 5 2
M. marinum 26 5 5 13 2 1
M. malmoense 13 1 5 5 1 1
M. simiae 7 1 1 5
M. szulgai 23 1 7 12 3
M. xenopi 12 1 6 5
M. nonchromogenicum 20 20
M. gordonae 30 1 8 12 6 3
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Table 4. Distribution of Minimal Inhibitory Concentrations of Streptomycin
against Various Mycobacteria
) No. of Minimal inhibitory concentration of streptomycin (#g/ml)
Species )
strains 3.2 6.3 12.5 25 50 100 200 >200
M. tuberculosis 20 3 6
M. avium complex 64 10 9 24 10 10
M. scrofulaceum 30 6 5 8 6 2 3
M. fortuitum 20 18
M. kansasit 30 18 1 1 1
M. marinum 26 2 2 16 6
M. malmoense 13 10 2 1
M. simiae 7 1 1 5
M. szulgai 23 10 5 8
M. xenopi 12
M. nonchromogenicum 20 11 9
M. gordonae 30 12 7 8 1 2
Table 5. Distribution of Minimal Inhibitory Concentrations of Enviomycin
against Various Mycobacteria
Soec No. of | Minimal inhibitory concentration of enviomycin (#g/ml)
peeies strains | 3.2 6.3 | 12.5 25 50 100 200 400 | >400
M. tuberculosis 20 8 9
M. avium complex 64 1 2 7 18 14 14 4
M. scrofulaceum 30 6 17 5
M. fortuitum 20 2 6 9 3
M. kansasii 30 1 18 4
M. marinum 26 17 4 1
M. malmoense 13 5 5
M. simiae 7 1 4 1 1
M. szulgat 23 1 1 9
M. xenopi 12 6
M. nonchromogenicum 20 8 10
M. gordonae 30 8 7 4

marinum & 71 %, M. gordonae i3 90 %, fhd M.
kansasii, M. szulgai, M. xenopti, M. nonchromo-
genicum TIFIT~100%TH 5, LD L HBHEEDER
11, bhbhD EFREER E b—3d 5,MAI complex &
Y IZHEAD T BB WD, M. kansasii ® M. szulgai
RYME, BEALRFINABIHRLTVEDL, &
CHALTV S, KEBO(LFHETE, ROBEYUROH
WEHIZE, TTRHAZHRTAI LN, ROEELVEA
kLB bn s,
Pl g o fobs, B b IRRIRE S RGE 3,
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s, HBED M. chelonae EYLER, MTRH BN
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Table 6. Distribution of Minimal Inhibitory Concentrations of Kanamycin
against Various Mycobacteria
No. of Minimal inhibitory concentration of kanamycin (#g/ml)
Species .
strains| 3.2 | 6.3 | 12.5 25 50 100 200 400 | >400

M. tuberculosis 20 1 7 12
M. avium complex 64 1 3 4 7 12 13 10 11 3
M. scrofulaceum 30 3 16 10 1
M. fortuitum 20 2 3 2 3 8 2
M. kansasii 30 1 2 17 6 3 1
M. marinum 26 1 4 i9 2
M. malmoense 13 1 2 3 6 1
M. simiae 7 3 4
M. szulgai 23 1 5 12 5
M. xenopi 12 5 7
M. nonchromogenicum 20 3 7 1
M. gordonae 30 1 4 9 8 1

Table 7. Distribution of Minimal Inhibitory Concentraions of Ethionamide

against Various Mycobacteria
Sveci No. of Minimal inhibitory concentration of ethionamide (#g/ml)
peeies strains 6.3 12.5 25 50 100 200 >200

M. tuberculosis 20 9 10 1
M. avium complex 64 5 13 11 19 8 8
M. scrofulaceum 30 24 4 2
M. fortuitum 20 1 8 2 6
M. kansasii 30 10 19 1
M. marinum 26 5 13 8
M. malmoense 13 13
M. simiae 7 7
M. szulgai 23 10 11 2
M. xenopi 12 12
M. nonhcromogenicum 20 9 8 3
M. gordonae 30 5 8 7 10
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THRRPFEL GEEORDB X UEROKEDN) BB
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Table 8. Distribution of Minimal Inhibitory Concentrations of Ofloxacin

against Various Mycobacteria

Spociec No. ‘of lg/lflrg)lfrfz)e;(lelé?r}llll(ahtg}‘?nE:c))ncentratmn Eiieg:;lgﬁ?fjs(%>
strains 0.63 1.25 2.5 5. 10
M. tuberculosis 20 0 20 0 0 0 100
M. avium complex 50 0 7 31 9 3 14
M. fortuitum 20 10 10 0 0 0 100
M. gordonae 20 19 1 0 0 0 100
M. kansasit 20 2 18 0 0 0 100
M. malmoense 16 1 4 11 0 0 31
M. marinum 30 1 12 10 7 0 43
M. nonchromogenicum 30 0 0 6 24 0 0
M. scrofulaceum 30 1 12 14 3 0 43
M. simiae 5 0 0 0 5 0
M. szulgat 24 0 12 5 0 29
M. xenopi 10 10 0 0 0 100

The percentages of the effectiveness probability are shown as the percentage of strains in each species,
which are susceptible to 1.25ug/ml or less concentrations of ofloxacin,

Table 9. Maximal Drug Concentrations in the Blood and the Critical Concentrations
of Drugs Defined in the Present Study

Maximal drug Critical Minimal inhibitory
Drug concentration Dosage concentra- |concentraton for
in the blood tion#® M. tuberculosis
(pg/ml) (#g/ml) |strains (#g/ml)
Rifampicin (RFP) |5 —10 0.45g oral® ~10 12.5 3.2 — 12.5
Streptomycin (SM) | 30 1 g intramuscular!? 25 3.2 — 12.5
Ethionamide (TH) |3 -6 0.25g orall? 12.5 12.5 — 50
Isoniazid (INH) 2—-5bor8-9% 3-5mg/kg oral'™® 1% |1 0.03 — 0.1
Ethambutol (EB) |2 -5 25mg/kg or 1 g oral'® 1P| 3.2 0.8 -3.2
Kanamycin (KM) | 50 1 g intramuscular'® 25 12.5 — 50
Enviomycin (EVM)| 36 1 g intramuscular!® 25 12.5 — 50
Ofloxacin (0X) 2-3 0.3 g oral?? 1.25 0.63 — 1.25

a
is effectively inhibited in human body,
b:

c: Slow inactivators,

Rapid inactivators,

DOBFEIXT BIRD 3 DD regimens DR D LB %
Foto ZDFER, RFP+EVM+INH & RFP+SM+
INH ORI BF 1275 h - 7o h5, RFP+EB+INH &7l
2FED bF > TP, KPR BEZUEAR
DEERM AN, D3 DD regimens ORJICEIR
DERBEZICHABDIC, LiLOBERKBEDOEIM
W Cob, OHMAR, BREFHOFHIIL-TT
X3hb LIV, REObhbhORFEREM LN
i3, BZHREBRCHENBRZESEVIRICEL, SM &

. We defined the critical concentration as maximal concentration, in which the growth of mycobacteria

EVM id, »R0BOWEREFEHERLIZ, L2L, RFP
i, RFP ® MICO0.8ug/ml &S & D BRI LT
$38<, EBicWWhk»>TiR, EDFRIHLTHE -7 <
BETER %R & D - foo (LR OHEE &, K, BE
ERBMATIT O BEBH 5 Do

&

REEEHNRIZIBRBOBRDL S, LR SREEN
HBEEOBBECEN» ZHE Lo M. avium—M.

£



1990 % 5 A 355
Table 10. Percentages of Strains Susceptible to Critical Concentrations of Drugs
No. of | Percentage of strains susceptible to critical concentration®
Specie
pecies strains | Rifam- | Isonia- |Ethambu{Strep- Envio- |kana- |Ethion-

picin zid tol tomycin | mycin |mycin |amide
M. tuberculosts 20 100 100 100 100 55 40 45
M. avium complex 64 50 3 .19 30 22 23 8
M. fortuitum 20 0 0 0 0 0 10 5
M. gordonae 30 83 7 90 63 100 73 17
M. kansasii 30 97 67 7 90 87 10 97
M. malmoense 13 23 15 46 92 100 92 100
M. marinum 26 62 0 88 15 81 19 69
M. nonchromogenicum 20 15 0 100 100 50 15 45
M. scrofulaceum 30 73 7 30 37 27 10 63
M. simiae 7 0 0 0 0 0 0 0
M. szulgat 23 39 100 100 65 100 26 43
M. xenopi 12 92 100 8 100 100 100 100

* rifampicin, 12,5 fg/ml; isoniazid, 1 #g/ml ; ethambutol, 3.2 sg/ml ; streptomycin, 25%g/ml ; enviomycin,
25 g/ ml ; kanamycin, 25 #4g/ml ; ethionamide, 12,5 #g/ml,

Table 11. Most Effective Regimens Considered from In—vitro Susceptibility Testing

Effectiveness
Species Regimen? probability by

use of senior
two drugsP

M. avium— M. intra- RFP (50) +SM (30) + EB (19)*! 15%

cellulare complex

M. kansasit OX (100) + RFP (97) + SM (90) or EVM (87) 97 %

M. szulgat EVM (100) + EB (100) + INH (100) 100 %

M. fortuitum OX (100)

M. nonchromogenicum EB (100) + SM (100) + TH (45) 100 %

M. scrofulaceum RFP (73) + TH (63) + SM (37) 46 %

M. xenopi 0OX (100) + EVM (100) + INH (100) + TH (100) 100 %

M. gordonae EVM (100) + EB (90) +RFP (83) 90 %

M. marinum EB (83) + EVM (81) + RFP (62) 71 %

M. malmoense EVM (100) + TH (100) + EB (46)** 100 %

M. chelonae None 0%

M. simiae None 0%

o

o

*

intracellulare complex &AIE I %t L T &, RFP—
SM-EB 0fla &€ MR &AL Ebh b, 0 SM
% EVM icft 2 T, RFP-EVM-EB & L Td &\,

COMAGETS, BRI BHRICIEE
A9y THICX LT, M kansasii iETIE, £ O3

LaL,

: The numbers in brackets show the percentage of strains which are inhibited by the critical

concentration of drug,

: For example, in case of M. avium complex, 0.50 x 0.30=0.15 (15%)

1

Enviomycin may be substituted for streptomyecin.
* 2 Streptomycin may be substituted for enviomycin,

KrE%hT, #ic, OX—-RFP-EVM (F7:id SM) @
HASEHEYT 2LEONS, M. szulgai IFETIE,
EVM-EB-INH»£II L % 5 Th %, M. scrofula-
ceum fiE 1T id, RFP-TH-SM kW& Ebh 57,
BRHRIZE L 2V, M. chelonae fEICX L Tid, B
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