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Combined versus single antituberculosis drugs on the
in vitro sensitivity patterns of non-tuberculous
mycobacteria
J BANKS, P A JENKINS

From the Mycobacterium Reference Unit, Public Health Laboratory Service, Cardiff

ABSTRACT Drug sensitivity tests were performed for ethambutol, rifampicin, streptomycin, and
isoniazid both alone and in paired combinations, on 16 strains of Mycobacterium avium intra-
cellulare, seven strains of Mycobacterium xenopi, and eight strains of Mycobacterium malmoense.
Most strains were resistant to the individual drugs, but all strains of M malmoense, 86% of M
xenopi, and 31% ofM avium intracellulare were completely suppressed by the lowest concentrations
of ethambutol and rifampicin when the two drugs were combined in vitro. Streptomycin combined
with ethambutol or with rifampicin in the lowest combined concentrations suppressed 50% and
62% respectively of strains ofM malmoense. All strains ofM xenopi were suppressed by the lowest
combined concentrations of streptomycin with rifampicin. Combinations with isoniazid were less
effective. It is postulated that similar effects in vivo might account for the satisfactory clinical
response seen in patients with disease caused by these mycobacteria who have received treatment
with combinations of standard antituberculosis drugs despite in vitro resistance to the individual
agents.

Introduction

The response to treatment with antituberculosis drugs
is less predictable in patients with pulmonary infec-
tion caused by non-tuberculous mycobacteria than in
those with disease caused by Mycobacterium tuber-
culosis. Serious coexistent pulmonary disease or com-
promised immunity undoubtedly contribute to the
poor prognosis in many patients. In others, however,
treatment with toxic second line drugs, given in regi-
mens tailored to the results of in vitro sensitivity tests,
has led to poor compliance by the patient and hence
treatment failure.' Decisions about treatment are
complicated by the usual reports of in vitro resistance
to first line drugs, which is characteristic of many of
these organisms. Paradoxically, prolonged treatment
with combinations of standard antituberculosis drugs
is often successful despite in vitro resistance to the
individual agents.2 3 The reason for this is not clear,
although the discrepancy may reflect the limitations
of the method used for sensitivity testing, which uses
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the concept of modal resistance. An alternative
explanation is that drugs given in combination
interact, and organisms resistant to the individual
drugs become susceptible to their combined actions.
To investigate this hypothesis we have studied the
effect ofcombining pairs of standard drugs in vitro on
the sensitivity patterns of strains of Mycobacterium
malmoense, Mycobacterium xenopi, and Myco-
bacterium avium intracellulare.

Methods

Sensitivity tests were performed on 16 strains of M
avium intracellulare, seven strains of M xenopi, and
eight strains of M malmoense. Twenty of the strains
had originally been cultured from sputum specimens
and sent to the Mycobacterium Reference Unit in
Cardiff. Another six strains ofM avium intracellulare
were cultured from resected lymph nodes, another
two from lung sections taken at necropsy, and one
other from pleural fluid.

Routine techniques for the examination of strains,
as described by Marks,4 were used throughout the
study. Briefly, strains were subcultured on slopes of
glycerol egg medium, and after three weeks incu-
bation suspensions were made by transferring a 2 mm
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loopful of growth into screw capped bottles contain-
ing 05 ml ofM 15 phosphate buffer, pH 7 0, and two
nails. After being stirred on a magnetic stirrer the
resultant suspension was diluted 1:5 in sterile water
and then inoculated in 3 sLI aliquots on to control and
drug slopes. These were incubated in the dark at 37 °C
for three weeks.

Sensitivity tests against single drugs-ethambutol,
rifampicin, streptomycin, and isoniazid-were per-
formed in the usual way by the technique of modal
resistance.4' Tubes containing doubling concen-
trations of each drug were inoculated with the test
strains and incubated in the dark at 37 °C for three
weeks. The drug concentrations used (table 1) were
derived by first determining the normal range of toler-
ance of several standard strains of M tuberculosis to
each drug and accepting the most frequent end point
of the titration as the "mode." Doubling concen-
trations above the mode were then incorporated into
tubes numbered 2, 4 and 8 for testing strains of M
malmoense and M xenopi. The range was extended to
include tubes 16, 32, and 64 for testing strains ofM
avium intracellulare, which were highly resistant to
the individual drugs.

Sensitivity testing for drug combinations was per-
formed according to a chequerboard design, so that
for each pair of drugs all possible permutations of the
concentrations used for testing against single agents
were tested for strains ofM malmoense andM xenopi.
Not all permutations were tested for strains of M
avium intracellulare because of the large number of
combinations that this would have required.

In a second experiment sensitivity tests for rifam-
picin and ethambutol, both alone and in combina-
tion, were repeated for five of the strains of M
malmoense and five of the strains of M xenopi. Tubes
with drug concentrations corresponding to resistance
ratios of I and 1 were included on this occasion.
The results were read after three weeks' incubation.

Each tube was examined with a hand lens for evidence

Table 1 Drug concentrations usedfor in vitro sensitivity
tests

Drug concentrations in culture medium (pg/ml)*
Resistance
ratio Rifampicin Ethambutol Streptomycin Isoniazid

t 4 04 25 0-01
1 8 0-8 5 0-02
2 16 1t6 10 005
4 32 3-2 20 0 11
8 64 6-4 40 0-22
16 128 12 8 80 0-44
32 256 25 6 160 0-89
64 512 512 320 1-7

*Concentrations corresponding to resistance ratios of 2-8 for
standard strains of Mycobacterium tuberculosis were used for testing
strains of M malmoense and M xenopi and resistance ratios 2-64 for
strains of M avium intracellulare.

of bacterial growth and compared with the control
tubes. Absence of visible bacterial colonies was
accepted as the end point, although small discrete
specks were regarded as representing a negative
result.

Results

The results of the sensitivity tests for both single drugs
and drug combinations are shown in tables 2-4. The
percentage of strains that grew in tubes containing
single drugs are shown adjacent to the tube numbers
and the percentage of strains that grew in tubes
containing drug combinations are entered on the
chequerboard.
The overall results show that drugs in combination

were more effective than the individual agents in sup-
pressing bacterial growth.

M malmoense (table 2)
Rifampicin combined with ethambutol completely
suppressed all strains of M malmoense even at the
lowest combined concentrations (tube 2 x 2),
although 88% of strains were resistant to the same
concentrations of the individual drugs. Combinations
of ethambutol or rifampicin with streptomycin were
more effective than the individual drugs alone. All
strains of M malmoense were highly resistant to iso-
niazid, and susceptibility to either rifampicin, etham-
butol, or streptomycin was unchanged or differed by
only one tube when the drugs were combined with
isoniazid (results not shown).

Table 2 Mycobacterium malmoense: percentage growth on
slopes*

Rifampicin Streptomycin
Tube
No 0 2 4 8 0 2 4 8

0 100 88 75 38 100 88 88 38

2 88 0 0 0 50 25 0

Gi4 50 0 0 0 0 0 0

8 0 0 0 0 0 0 0

80 100

8 2 88 38 25 0

b 4 88 25 12 0

8 38 0 0 0

*The percentage of strains that grew on slopes inoculated with the
single drugs are shown within the margins, and the percentage that
grew in tubes containing drug combinations are entered on the
chequerboard. Tube numbers correspond to the resistance ratios
shown in table 1, from which the respective drug concentrations
used can be obtained.
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M xenopi (table 3)
All strains ofM xenopi were resistant to the concen-
trations of ethambutol in tube 4 and 72% were
resistant to rifampicin in tube 2. All strains, however,
were suppressed by the same concentrations of the
two drugs combined. Streptomycin combined with
rifampicin was effective against all strains ofM xenopi
at the lowest combined concentration. Seventy two
per cent of strains were resistant to isoniazid in tube 8
but all strains were suppressed by the same concen-
tration of isoniazid combined with the concentration
of rifampicin in tube 2. Combinations of isoniazid
with either ethambutol or streptomycin failed to alter
the sensitivity results for the individual drugs (results
not shown).

M avium intracellulare (table 4)
Most strains of M avium intracellulare were highly
resistant to the individual drugs, although one strain
(6%) was suppressed by streptomycin in tube 4. All
strains were resistant to isoniazid in tube 64 (results
not shown). Drugs in combination were more
inhibitory than the single agents alone but failed to
achieve the degree of growth inhibition seen with
strains of M malmoense and M xenopi. Rifampicin
combined with ethambutol produced the best results
and in the lowest combined concentrations (tube

Table 3 Mycobacterium xenopi: percentage growth on
slopes*

Rifampicin Streptomycin
Tube
No 0 2 4 8 0 2 4 8

0 100 72 43 0 100 29 14 0

X 2 100 14 14 0 14 0 0

- 4 100 0 0 0 14 0 0

8 29 0 0 0 0 0 0

0 100

t 2 29 0 0 0

b 4 14 0 0 0

8 0 0 00

0 100

. 2 100 57 14 0

4 100 29 14 0

8 72 0 0 0

*The percentage of strains that grew on slopes inoculated with the
single drugs are shown within the nqargins, and the percentage that
grew in tubes containing drug combinations are entered on the
chequerboard. See table I to derive the drug concentrations used in
the tubes, which are numbered according to resistance ratios.

Banks, Jenkins
2 x 2) suppressed almost a third of strains that were
resistant to the same concentrations of the individual
drugs. Sensitivity to rifampicin, streptomycin, and
ethambutol was virtually unchanged by their combi-
nation with isoniazid (results not shown).

Rifampicin and ethambutol: second experiment (figs I
and 2)
There were no significant changes in the sensitivity
results for rifampicin or ethambutol when the tests
were repeated with strains of M malmoense and M
xenopi. On this occasion, however, three strains ofM
malmoense and four of M xenopi were completely
suppressed by the two drugs when combined in con-
centrations that corresponded with modal resistances
of I for each drug. The results are shown as iso-
bolograms (figs I and 2). A line or isobol is drawn for
each strain that joins the minimum effective concen-
tration of ethambutol when used alone (on the ordi-
nate) with the minimum effective concentration of
rifampicin when used alone (on the abscissa) through
the point representing their minimum effective con-
centrations when combined. The inset shows three
theoretical isobols. Drug combinations that are syn-
ergistic produce concave isobols (ESR), antagonistic
combinations produce convex isobols (EAR), while
additive combinations produce straight lines (EXR).6
Each strain ofM malmoense and M xenopi produced
a concave isobol, consistent with a synergistic effect
between rifampicin and ethambutol.

Discussion

The patterns of resistance to the major anti-
tuberculosis drugs in this study are characteristic of
the three mycobacterial species studied, which are
often fully sensitive in vitro only to second line
agents-for example, cycloserine and ethionamide.
Treatment regimens tailored to these results have not,
however, been generally successful, probably because
of drug toxicity and poor compliance by patients. I - 3

In contrast, other patients have been successfully
treated with combinations of standard drugs despite
in vitro resistance.' 3 The reason for this paradox is
not clear, although the design of the sensitivity test or,
alternatively, drug interactions in vivo may account
for the discrepancy.
Drug susceptibility tests for both M tuberculosis

and non-tuberculous mycobacteria are performed by
the method of modal resistance.45 This compares the
sensitivity of the test strain with the modal sensitivity
of several standard strains ofM tuberculosis and the
result is expressed as a ratio of the test strain's sensi-
tivity to the mode. Conventionally, strains that are
suppressed in tubes 2 or 4 are reported as sensitive
and those that grow in tube 4 but not in tube 8 are
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Table 4 Mycobacterium avium intracellulare: percentage growth on slopes*

Rifampicin Streptomycin
Tube
No 0 2 4 8 16 32 64 0 2 4 8 16 32 64

0 100 100 100 94 88 56 12 100 100 94 94 75 44 6

2 100 69 69 62 94 81 75
Combinations Combinations

4 100 69 69 56 not 75 69 56 not
tested tested

8 69 31 31 6 37 37 12

16 6 6 6 6 6 6 6
Combinations Combinations

32 6 not 6 6 6 not 6 6 0
tested tested

64 0 6 6 6 6 0 0

0 100

2 100 100 100 75
Combinations

4 94 100 87 62 not
tested

8 94 94 81 56

16 75 50 37 6
Combinations

32 44 not 37 19 6
tested

64 6 6 6 6

*The percentage of strains that grew on slopes inoculated with the single drugs are shown within the margins, and the percentage that grew in
tubes containing drug combinations are entered on the chequerboard. See table I to derive the drug concentrations used in the tubes, which
are numbered according to resistance ratios.

M malmoense
(2nd experiment)

10 20 30 40 50 60 70 80

Rifampicin pg/ml

Fig I Isobolograms for strains ofMycobacteriwn
malmoense tested against ethambutol combined with
rifampicin (see textfor explanation ofinset).

reported as resistant with a ratio of 4. Strains that
grow in tube 8-that is, having resistance ratio 8-are
reported as highly resistant. The clinical significance
ofany differences from the mode has to be established
for each drug by correlation with the clinical
response to treatment. For strains ofM tuberculosis
any decline from modal sensitivity is detrimental-
that is, even low degrees of resistance are clinically
important.5 The same criteria may not, however,
apply to non-tuberculous mycobacteria, for which
comparable degrees of resistance may have no clinical
importance. Nevertheless, the results are reported in
the same way. The modal resistance method does not
relate sensitivity to drug concentrations attained in
the blood or tissues of patients, and organisms with a
resistance ratio of 4, for example, for ethambutol are
still suppressed in vitro by drug concentrations that
can be achieved in vivo with conventional doses. Tail-
oring treatment according to the modal resistance
method makes the assumption that resistance criteria
applicable to strains of M tuberculosis are equally
applicable to non-tuberculous mycobacteria. This
assumption may be incorrect.

Alternatively, the effectiveness of standard drug
regimens in treatment may be due to drug interaction
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M xenopi
(2nd experiment)

10 20 30 40

Rifampicin jig/mi
Fig 2 Isobolograns for strains ofMycobacterium xenopi
tested against ethambutol with rifampicin.

in vivo. In this study the enhanced effect of drug
combinations in vitro on mycobacteria resistant to
individual drugs supports this idea. Experimental
conditions may not imitate in vivo conditions and
factors such as protein binding may modify the
actions of drugs used in treatment. Nevertheless, the
results correlate well with the clinical response to
treatment. The particular efficacy of the rifampicin
and ethambutol combination was not due to any
reduction in the degree of protein binding of rifam-
picin in vitro caused by the addition of ethambutol.
We have found that the free non-protein bound frac-
tion of rifampicin is the same whether it is used alone
or combined in vitro with ethambutol (unpublished
observations). The effect appears to be due to a gen-
uine interaction between the two agents and was

reproducible, even at low drug concentrations.
Rifampicin combined with ethambutol has been

Banks, Jenkins
effective in patients with M malmoense infection, and
withdrawal of ethambutol from such regimens has
been followed by clinical deterioration and bacte-
riological relapse.' Similarly, patients with disease
caused by M xenopi orMavium intracellulare are best
treated with regimens of standard antituberculosis
drugs.23

Because of their clinical and radiographic abnor-
malities and sputum smear results many patients with
non-tuberculous mycobacterial disease are initially
misdiagnosed as having classical M tuberculosis and
started on treatment with standard antituberculosis
drugs. In most of them treatment will be successful
despite the subsequent reports of in vitro resistance to
one or more of the individual drugs prescribed. Alter-
ations to such successful regimens made on the basis
of the sensitivity results should be avoided. Sensitivity
testing of drug combinations might yield results that
agree more closely with clinical response but a pros-
pective study is needed to confirm this.

We wish to thank the staff of the Public Health
Laboratory Service, Mycobacterium Reference Unit,
Cardiff, for their technical assistance and Mrs S
Workman for typing the manuscript.
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