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Mycobacterium kansasii is one of the most pathogenic and frequent nontuberculous mycobacteria isolated
from humans. Patients with adverse drug reactions, resistant isolates, or suboptimal response require alter-
native treatment regimens. One hundred forty-eight consecutive clinical isolates of M. kansasii were tested for
antimicrobial susceptibilities by the BACTEC 460 system (NCCLS) with two different inoculation protocols,
one conventional and one alternative. In the alternative protocol, the inoculum 12B vial was incubated until the
growth index was between 250 and 500. Four conventional antimycobacterial drugs (isoniazid, rifampin,
streptomycin, and ethambutol) were studied with standard critical concentrations. The in vitro activities of
linezolid, telithromycin, clarithromycin, levofloxacin, and moxifloxacin were determined by measuring radio-
metric MICs. All isolates tested were identified as M. kansasii genotype I and were resistant to isoniazid at a
concentration of 0.4 �g/ml. One hundred twenty isolates (81.1%) were inhibited by 1 �g of isoniazid per ml.
A high level of resistance to isoniazid (>10 �g/ml) was observed in six isolates (4.1%). Only five strains (3.4%)
were resistant to rifampin (>1 �g/ml). All isolates studied were susceptible to streptomycin and ethambutol.
The MICs at which 90% of the isolates were inhibited (in micrograms per milliliter) were as follows: linezolid,
1 (range, <0.25 to 2); telithromycin, >16 (range, 4 to >16); clarithromycin, 0.5 (range, <0.03 to 1); levofloxa-
cin, 0.12 (range, 0.12 to 0.25); and moxifloxacin, 0.06 (range, <0.06 to 0.12). The susceptibility testing results
with both inoculation protocols showed perfect correlation. In conclusion, all M. kansasii isolates showed
decreased susceptibility to isoniazid, but resistance to rifampin was infrequent. Quinolones, especially moxi-
floxacin, were the most active antimicrobial agents tested, followed by clarithromycin. Linezolid also showed
good activity against these microorganisms, but telithromycin’s in vitro activity was poor.

Mycobacterium kansasii is one of the most pathogenic and
frequent nontuberculous mycobacteria isolated from humans
(3, 4, 9, 12, 25). M. kansasii produces a chronic, progressive,
and cavitary lung disease similar to tuberculosis or produces
disseminated infections, usually in patients infected by the
human immunodeficiency virus (4, 7, 20, 24, 31).

The currently recommended treatment for M. kansasii in-
fections includes isoniazid, rifampin, and a third agent, usually
ethambutol or streptomycin, for 18 months, with at least 12
months of negative cultures (10, 18, 30). However, patients
with adverse drug reactions, isolates that are resistant to one or
more drugs (especially rifampin), or a poor response to initial
therapy have all been documented (1, 8, 24, 29). Therefore,
alternative effective antimicrobial agents for these infections
are needed.

In vitro susceptibility testing of most nontuberculous myco-
bacteria is of little help for managing the treatment of these
infections. However, there is evidence that the in vitro suscep-
tibility of M. kansasii, based on the interpretative criteria used
with Mycobacterium tuberculosis, correlates adequately with
clinical response (15, 16).

The modified proportion method (agar), the BACTEC ra-
diometric system, and the broth microdilution method have
demonstrated good in vitro correlation (14, 16, 21, 27). Al-
though the radiometric system is the fastest in vitro suscepti-
bility testing method available for mycobacterial organisms
(14–16), the standard inoculation procedure recommended by
the manufacturers could be improved.

The aim of this study was to determine the susceptibilities of
148 consecutive M. kansasii strains isolated from clinical spec-
imens to linezolid, telithromycin, clarithromycin, levofloxacin,
moxifloxacin, and four conventional antimycobacterial drugs.
In addition, two different inoculation procedures using the
radiometric method were evaluated.

(This study was presented in part at the 43rd Interscience
Conference on Antimicrobial Agents and Chemotherapy, Chi-
cago, Ill., September 2003 [F. Alcaide, L. Calatayud, M. Santín,
and R. Martín, Abstr. 43rd Intersci. Conf. Antimicrob. Agents
Chemother., abstr. E-1711, p. 208, 2003].)

MATERIALS AND METHODS

Organisms. A total of 148 strains of M. kansasii isolated consecutively from
clinical specimens (142 respiratory isolates and 6 nonrespiratory isolates) be-
tween January 1997 and December 2003 in the Hospital Universitari de Bellvitge
(Barcelona, Spain) were tested for antimicrobial susceptibility. Only one isolate
from each patient was studied, with 145 (98%) being initial isolates. One hun-
dred thirty-one (88.5%) isolates were considered pathogenic according to Amer-
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ican Thoracic Society criteria (30). M. kansasii ATCC 12478 and Staphylococcus
aureus ATCC 29213 were used for quality control.

Mycobacterial isolates were identified by conventional biochemical and cul-
ture tests, PCR-restriction fragment length polymorphism analysis of the hsp65
gene, and DNA probes (AccuProbe; GenProbe Inc., San Diego, Calif.). These
gene probes were selectively applied to each positive culture to identify M.
kansasii on the basis of the colony pigmentation and microscopic characteristics
(cross-barring morphology) when grown in liquid medium.

Antimicrobial agents. Four conventional antimycobacterial drugs (Becton
Dickinson, Sparks, Md.) were studied with different critical concentrations: iso-
niazid (0.1, 0.4, 1, 5, and 10 �g/ml), rifampin (1 �g/ml), streptomycin (2 and 6
�g/ml), and ethambutol (5 and 7.5 �g/ml). The antimicrobial concentration
ranges tested for MIC determination were as follows: linezolid (Pharmacia,
Kalamazoo, Mich.), 0.25 to 8 �g/ml; telithromycin (Aventis Pharma, Madrid,
Spain), 0.5 to 16 �g/ml; clarithromycin (Abbot Laboratories, Queenborough,
United Kingdom), 0.03 to 2 �g/ml; levofloxacin (Aventis Pharma), 0.03 to 4
�g/ml; and moxifloxacin (Bayer, Wuppertal, Germany), 0.03 to 4 �g/ml. Drugs
were prepared according to the manufacturer’s recommendations. High concen-
trations of stock solutions (10,000 �g/ml) were prepared. Small volumes of these
solutions were stored in sterile polypropylene vials for up to 6 months at �80°C.

Susceptibility testing. The susceptibilities of the strains were tested with the
radiometric (BACTEC) susceptibility test (Becton Dickinson), based on the
interpretative criteria used with M. tuberculosis (14–16, 19, 21). Two different
inoculum preparation protocols were performed and compared in parallel with
all drugs studied.

(i) Conventional protocol (26). A suspension from the initial bacterial growth
on solid medium (McFarland no. 1) was subcultured (0.1 ml) into a vial of fresh
BACTEC 12B medium. The growth index (GI) was measured daily (including
weekends and holidays) with the BACTEC 460-TB instrument until it reached
999, and then 0.5 ml of this 12B suspension was diluted (1:20) in 9.5 ml of
BACTEC diluting fluid.

(ii) Alternative protocol (proposed by us). The 12B vial was incubated until the
GI was between 250 and 500. The inoculation and incubation of the susceptibility
testing vials were similar to those for the conventional protocol. The drug-
containing vials were inoculated with 0.1 ml of the 12B suspension. The drug-free
control vial was inoculated with 0.1 ml of a suspension diluted 1:100. Vials were
incubated at 37 � 1°C in the dark, and they were read daily (including weekends
and holidays) until the GI of the vial control reached �30. The results were
interpreted when the GI of the control vial was �30 between a minimum and
maximum of 4 and 14 days of incubation, respectively. The MIC was defined as
the lowest drug concentration that inhibited more than 99% of the bacterial
population.

RESULTS

All isolates tested were identified as M. kansasii subtype I
according to PCR-restriction fragment length polymorphism
analysis of the hsp65 gene and were resistant to isoniazid at a
concentration of �0.4 �g/ml (Fig. 1).

One hundred twenty isolates (81.1%) were inhibited by 1 �g
of isoniazid per ml. Of the 14 M. kansasii isolates that were
resistant at a concentration of �5 �g/ml, a high level of resis-
tance to isoniazid (�10 �g/ml) was detected in 6 isolates
(4.1%). Five strains (3.4%) were resistant to rifampin (�1

�g/ml). These strains were susceptible to 1 �g of isoniazid per
ml. Three of the five patients with rifampin-resistant isolates
were previously treated for M. kansasii infection. All isolates
studied were susceptible to 6 �g of streptomycin per ml and to
7.5 �g of ethambutol per ml.

The susceptibility testing results for linezolid, telithromycin,
clarithromycin, levofloxacin, and moxifloxacin are shown in
Table 1. The strains were classified in two groups according to
their isoniazid susceptibilities (MIC): �1 �g/ml (81.1%) and
�1 �g/ml (18.9%). The MICs at which 50% of the isolates
were inhibited (MIC50s) and the MIC90s of the antimicrobial
agents tested were similar in the two groups. All isoniazid-
resistant strains were inhibited at 0.12 �g of moxifloxacin per
ml, 0.25 �g of levofloxacin per ml, 1 �g of clarithromycin per
ml, and 2 �g of linezolid per ml or less.

The susceptibility testing results with both inoculation pro-
tocols had a correlation of 100% with all isolates. With the
alternative proposed protocol (a GI of between 250 and 500 in
the inoculum vial), the control vial GI was �30 after the fourth
day of incubation. Therefore, the susceptibility testing could be
properly interpreted for each isolate studied. The results with
the alternative protocol were reported between 5 and 8 days
after inoculation, and the mean turnaround times were 2 days
shorter than the mean times with the conventional protocol.

FIG. 1. Percentages of M. kansasii isolates found to be susceptible
and resistant to isoniazid at different concentrations.

TABLE 1. In vitro activities of linezolid, telithromycin, clarithromycin, levofloxacin, and moxifloxacin against M. kansasii isolates with two
different levels of resistance to isoniazid

Isoniazid concn,
�g/ml (n) Parameter

Value (�g/ml) for:

Linezolid Telithromycin Clarithromycin Levofloxacin Moxifloxacin

�1 (120) MIC50 1 16 0.12 0.12 0.06
MIC90 1 �16 0.5 0.12 0.06
Range �0.25–2 4–�16 �0.03–1 0.12–0.25 �0.06–0.12

�1 (28) MIC50 1 16 0.12 0.12 0.06
MIC90 1 �16 0.5 0.12 0.06
Range �0.25–2 4–�16 �0.03–1 0.12–0.25 �0.06–0.12
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DISCUSSION

This is the first in vitro susceptibility study of M. kansasii in
which a genotyping of isolates has been performed. To date,
seven subtypes (I to VII) have been identified by PCR-restric-
tion fragment length polymorphism of the hsp65 gene (22, 28).
This heterogeneity may have important pathogenic, clinical,
and epidemiological implications (2, 28). M. kansasii subtype I
seems to be by far the most frequent and pathogenic subtype
isolated from humans in many geographic areas of the world
(2, 25, 28, 33). Since all isolates tested in this study were
identified as M. kansasii subtype I, the results obtained provide
useful microbiological data for the clinical management of
these infections.

In agreement with previous reports, all isolates of M. kan-
sasii studied showed decreased susceptibility to isoniazid. Con-
sequently, as the NCCLS recommends (21), susceptibility test-
ing of isoniazid in these microorganisms should use critical
concentrations higher than those for M. tuberculosis (�1 �g/
ml). Although only one-fifth of the isolates showed significant
in vitro resistance to isoniazid (�5 �g/ml), they might repre-
sent a possible therapeutic problem in some circumstances.

Streptomycin and ethambutol showed good in vitro activity
with the two (low and high) critical concentrations used. Re-
sistance to rifampin was rare. However, the great majority of
M. kansasii strains tested (98%) in this study were initial clin-
ical isolates from each patient, and resistance to rifampin,
isoniazid, and ethambutol may be acquired during treatment
(29). Given that rifampin is the cornerstone of the current
treatment, the primary testing of this drug should be recom-
mended.

Although some new or secondary antimycobacterial agents
have been tested with M. kansasii isolates (5, 6, 11, 17, 23, 32),
data on the effects of many of these drugs on this microorgan-
ism are limited. In the present evaluation with a large number
of strains, quinolones (especially moxifloxacin) were the most
active antimicrobial agents studied. Clarithromycin and lin-
ezolid also showed good activity against these microorganisms,
whereas the in vitro activity of telithromycin was poor. In
addition, the M. kansasii isolates for which MICs of isoniazid
were �1 �g/ml did not show decreased susceptibility to the
new antimicrobial agents tested. These in vitro data therefore
suggest that moxifloxacin followed by levofloxacin, clarithro-
mycin, and linezolid may represent a good therapeutic alter-
native in M. kansasii infections. However, controlled clinical
trials are needed to validate the potential usefulness of these
drugs and their safety in clinical practice. Preliminary data with
a short-course and intermittent treatment regimen with clar-
ithromycin have recently been reported, with good results in a
small number of M. kansasii-infected patients (13).

In addition, a new inoculation protocol using radiometric
susceptibility testing in M. kansasii is proposed. The in vitro
susceptibility results showed perfect correlation with both in-
oculation protocols. However, the alternative modified proto-
col offers certain advantages over the standard one: (i) it saved
material and hand labor because dilution with diluting fluid
was not necessary, and (ii) the results were available sooner
than with the standard protocol, thus allowing faster interpre-
tation. In conclusion, the new proposed protocol is a simple,
fast, accurate, and cost-saving procedure that can be imple-

mented in the routine susceptibility testing of M. kansasii by
using the radiometric method.
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