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ABSTRACT

Context: The treatment of multidrug-resistant (MDR) and extensively drug-resistant (XDR) tuberculosis (TB) is consistently
difficult. Besides resistances, drug availability can be problematic and costs for therapy are high. Aims: Our aim was to
evaluate alternatives in treatment of MDR and XDR TB other than using second-line drugs. Materials and Methods:
We analyzed retrospectively the minimal inhibitory concentrations (MICs) of first-line drugs for 44 multidrug—resistant
Mycobacterium tuberculosis isolates determined in our institute over a period of 20 years (1990 - 2010, n = 44). Drug
susceptibility testing (DST) was performed using the proportion method on Lowenstein—Jensen Medium or Middlebrook
7H10 agar. MICs were defined as the lowest drug concentration after two-fold serially diluted concentration of the drugs
that inhibits growth of more than 99.0% of a bacterial proportion of the tested M. tuberculosis within 14 to 21 days of
incubation at 37°C. Statistical Analysis Used: Summation. Results: The MICs of isoniazid and ethambutol were equal
or slightly above the critical concentration in most of the strains (92% and 84%, respectively), defined as “low-level
resistance”. Rifampicin and streptomycin exhibited very high MICs in most of the strains (100% and 77%, respectively),
indicating a “high-level resistance”. Conclusion: Our results indicate that isoniazid and ethambutol could still play a
role in treating MDR and XDR TB patients if low-level resistance is detected. Quantitative DST seems to be promising
for the recognition of residual drug activity, but has to be confirmed by clinical studies.
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INTRODUCTION

In multidrug-resistant (MDR) and extensively drug-resistant
(XDR) tuberculosis (TB), second-line drugs have to be used
for treatment but with less effectiveness, more toxicity,
and higher costs. The availability of second-line drugs
is another problem, especially in resource-limited, low
income countries. Drug susceptibility testing (DST), which
determine the minimal inhibitory concentration (MIC)
instead of the critical concentration, show that some first-
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line drugs act inhibitory in slightly higher concentrations
in vitro describe as “low-level resistance,” especially
for INH indicating a possible effectiveness in vivo.l'*
Furthermore, the critical concentrations, analogues also
called “breakpoint” - concentrations for some drugs do not
correspond exactly to the serum or tissue concentration
achieved by conventional treatment dosages.*'% Therefore,
a detected resistance in vitro does not necessarily mean a
phenotypic resistance in vivo. In this context, drugs could
be effectively used in the treatment of MDR and XDR TB
although they were found to be resistant in vitro using
conventional critical concentrations.['**? In this study, we
report about the MICs of first-line drugs in 44 MDR-TB
strains.

MATERIALS AND METHODS

This is a retrospective analysis performed from all clinical
isolates, which were sent between 1990 and 2010 to
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the Institute of Microbiology, which is affiliated to the
Lungenklinik Heckeshorn (HELIOS Klinikum Emil von
Behring) in Berlin, Germany. Forty four patients were
detected to be infected with a MDR-TB strain; these strains
were included in the present study.

During the study period, the standard method to determine
DST of isolates changed from Lowenstein-Jensen (LJ) medium
to Middlebrook 7H10 medium. Therefore, our data contain
isolates cultivated and tested with both media. DST was
performed by using the proportion method on Lowenstein—
Jensen Medium for 26 strains, and on Middlebrook 7H10 agar
for 18 strains, the latter as agar dilution method. %413 In this

Table 1: Critical drug concentrations for LJ and 7H10
medium*
Lowenstein-Jensen medium

Middlebrook 7H10 medium

Drug Critical Drug Critical
concentration® concentration®
“breakpoint” (ug/ml) “breakpoint” (ug/ml)
INH 0.25 INH 0.25
RMP 32.0 RMP 2.0
EMB 2.0 EMB 5.0
SM 4.0 SM 2.5

*Strains are judged as resistant, if MICs are > one step (two-fold)
dilution above the critical concentration. INH: Isoniazid, RMP:
Rifampicin, EMB: Ethambutol, SM: Streptomycin

Table 2: Tested concentration for drug susceptibility

Medium Drug Tested concentrations (ng/ml)

LJ INH 0.12/0.25/0.5/1.0/2.0/4.0/8.0
RMP 4.0/8.0/16.0/32.0/64.0/128.0/250.
EMB 0.25/0.5/1.0/2.0/4.0/8.0/
SM 2.0/4.0/8.0/16.0/32.0/64.0/128.0

7H10 INH 0.12/0.25/0.5/1.0/2.0/4.0/8.0
RMP 1.0/2.0/4.0/8.0/16.0
EMB 2.5/5.0/10.0/20.0/40.0/80.0
SM 1.25/2.5/5.0/10.0/20.0

INH: Isoniazid, RMP: Rifampicin, EMB: Ethambutol, SM: Streptomycin

study, the susceptibility of the first-line drugs isoniazid (INH),
ethambutol (EMB), rifampicin (RMP), and streptomycin
(SM) were analyzed. Critical concentrations of the drugs,
that are used for the decision whether a strain is susceptible
or resistant to first-line drugs, are shown in Table 1. MICs
were defined as the lowest drug concentration after two-
fold serially diluted concentration of the drugs [Table 2] that
inhibits growth of more than 99.0% of a bacterial proportion
of the tested M. tuberculosis strains, either on Lowenstein—
Jensen medium or solid Middlebrook medium, within 21
(7H10) to 28 (LJ) days of incubation at 37°C.

Low-level resistance was defined as follows: Except for
isoniazid, the drugs are described as low-level resistant if
the MIC is two-fold higher than the critical concentration.
For EMB, was defined as MIC at maximum of 8.0 ug/ml in
LJ, 20.0 pg/ml on 7H10-medium. Low-level resistance for
SM was defined as MIC 16.0 ug/ml in L] and 10.0 pug/ml on
Middlebrook medium. For isoniazid, low-level resistance
was defined as MIC being between 0.5 and 8.0 pug/ml
(critical concentration between 0.25 and 4.0 pg/ml)
because higher serum and tissue concentrations can
regularly be achieved by conventional treatment dosages of
3.0-5.0 mg/ kg body weight/day and especially with high—
dose INH therapy (15.0-20.0 mg/kg/body weight/day).*10

RESULTS

INH

For the 26 isolates grown on L]-medium, 24 (92.3%) strains
showed low-level resistance: Two with a MIC at a level
of 1.0 ug/ml. 11 strains were inhibited at levels over 1.0
up to 2.0 pg/ml, while 10 isolates showed a MIC up to
4.0 pg/ml and 1 strain a MIC of 8 ug/ml. Only 2 isolates
grew at a concentration above 8.0 ug/ml [Table 3], and
therefore, were categorized as high-level-resistant. On
7H10 medium (18 strains, Table 3), 15 (83.3%) strains
exhibited low-level resistance: 4 strains showed MICs at
levels up to 4.0 ug/ml, while 12 isolates were found to be

Table 3: Minimal inhibitory concentrations (MICs) of MDR-M. tuberculosis-isolates on different media (n = 44)

Medium INH RMP EMB SM
MIC No. of % MIC No. of %  MIC (ng/ml) No. of % MIC No. of %
(ng/ml) isolates/Total (ng/ml) isolates/Total isolates/Total (ng/ml) isolates/Total
no. of isolates no. of isolates no. of isolates no. of isolates
LJ 1.0 1/26 7.7 32.0 1/26 3.8 <0.5 2/26 7.7 <4.0 4/26 154
>1.0-2.0 11/26 423 >32.0-64.0 11/26 423 0.5 1/26 3.8 4.0 1/26 3.8
4.0 10/26 38.5 >64.0-128.0 7/26 26.9 1.0 5/26 19.2 8.0 1/26 3.8
8.0 1/26 3.8 >128.0-256.0 7/26 26.9 >1.0-2.0 14/26 53.8 >8.0-16.0 3/26 11.5
>8.0 2/26 7.7 4.0 4/26 154 32.0 2/26 7.7
>32.0-64.0 2/26 7.7
>64.0 13/26 50.0
7H10 4.0 3/18 16.7 4.0 1/18 5.6 <0.5 1/18 5.6 5.0 1/18 5.6
8.0 12/18 66.7 >16.0 17/18 94.4 5.0 2/18 11.1 10.0 1/18 5.6
>8.0 3/18 16.7 10.0 12/18 66.7 >20.0 16/18 88.9
20.0 3/18 16.7

INH: Isoniazid, RMP: Rifampicin, EMB: Ethambutol, SM: Streptomycin, MIC: Minimal inhibitory concentration

310

Lung India * Vol 29 ¢ Issue 4 * Oct - Dec 2012



Schonfeld, et al.: MIC of first-line drugs of 44 MDR TB isolates

inhibited at a concentration of 8.0 ug/ml INH [Table 3].
Only 3 isolates revealed high-level resistance with a MIC
above 8.0 pg/ml. Altogether, 39 (88.6%) MDR strains
showed low-level resistance.

EMB

On LJ medium, MICs of 84.6% of the isolates were below or
equal to the critical concentration of 2.0 ug/ ml (23 isolates:
MIC <2.0 ug/ml), and 4 (15.4%) strains showed MICs of 4.0
wg/ml. On 7H10 medium, we found only 3 isolates, which
showed a MIC below or equal to 5.0 ug/ ml. 11 samples were
detected with a MIC up to 10 ug/ml, which were regarded
as “low-level resistance” according to the definition. Only
3 isolates were detected with a MIC of 20.0 ug/ml [Table 3].
In summary, for EMB, all but 1 strain showed sensitivity (3
strains, 16.7%) or low-level resistance (12 strains, 66.7%).

SM

On L] medium, just 5 (19.2%) isolates showed sensitivity
with MICs below or equal to 4.0 ug/ml. One sample reached
a concentration up to 8.0 ug/ml (3.8%), and therefore, was
regarded as low-level-resistant, while most of the samples
showed a MIC above 8.0 ug/ml (76.9%). Similarly, only in
2 (11.1%) isolates, the bacterial growth was inhibited at
concentrations above 10 ug/ml on 7H10 medium, while
most isolates showed MICs above 20 pg/ml (88.9 %,
Table 3). In summary, although most of the strains were
highly resistant, 8 (18.1%) strains showed either sensitivity
(5 strains) or low-level resistance (3 strains).

RMP
All MDR-strains were judged as highly resistant strains; see
also the known one-step-mutation of RMP-resistance.>?

DISCUSSION

The results for treatment of MDR-TB and XDR-TB patients
with second-line drugs are still disappointing. There
are only few data, showing that isoniazid could be part
of effective treatment of MDR-TB. On molecular level,
the INH-resistance is divided into 2 sections. The high-
resistance is based on a mutation of the katG gene and
results in an inactivation of catalase-peroxidase.! Low-
level-resistance of INH is mostly caused by mutations of
the inhA promoter region and could lead to phenotypic
susceptibility in vivo.[t>14

92.3% of our INH-resistant isolates showed a MIC of
<8.0 ug/ml on L] medium, and 83.3% on 7H10 medium,
and therefore, exhibit a “low-level resistance” according to
our definition and as described by other authors.["3 With a
normal dosage of 3-5 mg/kg/day, serum concentrations of
almost up to 4 ug/ml can be achieved.!® Yet, even high-dose
INH (16-20 mg/kg/day) is classified into the group of agents
with an unclear role in the treatment of drug-resistant TB by
the World Health Organization.!"® In our eyes, INH should
be discussed stronger than before as an effective alternative
in treatment of MDR-TBs based upon individual “low-level
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resistance” assessed by MIC testing. This was also proposed
by others working groups, suggesting that high—-dose INH
therapy might be effective in these cases.!*?

For EMB, only 3 isolates (16.6%) showed high-level
resistance on 7H10 medium, whereas no MICs above
8 ug/ml were detected on L] medium. Similar result were
reported by Springer et al.”! Therefore, EMB can also be
discussed as another alternative option in the treatment
of MDR-TB patients with normal or higher daily doses
(up to 25 mg/kg body weight), depending on the results
of DST and additionally MIC-testing for the detection of
low-level resistance.

For SM, 75.0% of strains (17 on L], 16 on 7H10) exhibited
high-level resistance [Table 3]. Only 5 isolates were
detected to be susceptible, 6 strains showed low-level
resistance. Low-level resistance for SM was also described
by other authors.”? In absence of studies, which could show
the effectiveness of higher doses for treatment, it is not
possible to conclude from DST and MICs on the possible
efficiency of SM therapy in MDR-TB patients. For patients
with high-level resistance for SM and RMP of the MDR-TB
strains in vitro, the exclusion of these drugs from treatment
seems to be justified.??!

CONCLUSION

The determination of MICs is proposed to be performed
in case of multidrug-resistant and/or extensively-resistant
M. tuberculosis isolates revealed by conventional DST.
Thus, especially INH, but also EMB could be identified as
resistant at a low level, and therefore, could be considered
for the treatment of MDR-TB patients within a treatment
regimen of otherwise shown active drugs. However,
prospective clinical studies have to be performed on safety
and efficiency, especially of INH treatment in selected
patients suffering from MDR-TB and potentially INH
susceptible strains according to MIC results.
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