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It is generally thought that there is full cross-resistance in Mycobacterium tuberculosis between the amino-
glycoside drugs kanamycin and amikacin. However, kanamycin resistance and amikacin susceptibility were
seen in 43 of 79 (54%) multidrug-resistant Estonian isolates, indicating that there might be a need to test the

resistance of M. tuberculosis isolates to both drugs.

Since the recognition of the remarkable activity of strepto-
mycin (SM) against Mycobacterium tuberculosis in 1944 (2),
aminoglycosides have been a major component of therapy for
tuberculosis. Kanamycin (KM) and the closely related amika-
cin (AK) are commonly used for treatment of multidrug-resis-
tant tuberculosis (MDR-TB) (11). Resistance to SM in M.
tuberculosis is complex. High-level resistance is associated with
point mutations involving the ribosomal protein S12 (rpsL
gene) and the S12-interacting regions of the 16S rRNA gene
(rrs), i.e., in the proximity of positions 530 and 915 (3, 7, 17,
19). In Escherichia coli, ribosomal binding of KM is affected by
mutations in the position 1400 region of the rrs gene (15).

Several investigations over 3 decades have shown that no
cross-resistance occurs between SM and either AK or KM (10,
13, 23), but a general cross-resistance between AK and KM has
repeatedly been demonstrated (1, 9, 18, 20, 26).

In Estonia, the incidence of primary resistance to any first-
line drug among isolates from new pulmonary TB patients is
more than 30% (5) and 13% of all culture-verified TB cases
involve MDR disease. A majority of MDR M. tuberculosis
isolates are resistant not only to rifampin and isoniazid but also
to SM and ethambutol (6). Due to the high prevalence of drug
resistance, there is a pronounced need for alternative agents
and the deoxystreptamine aminoglycosides KM and AK are
generally used in MDR-TB treatment. Even though it is gen-
erally believed that there is full cross-resistance in M. tubercu-
losis between these two drugs, we found susceptibility to AK in
43 of 79 (54%) KM-resistant clinical MDR-TB isolates from
Estonian patients routinely tested in 2001 (12). The testing of
these isolates for susceptibility to KM (4 pg/ml) and AK (1
pg/ml) was performed with the radiometric Bactec system at
the Estonian National Reference Laboratory.

To further study this, we used sequencing of the rrs gene,
DNA fingerprinting, and MIC determination for analyzing Es-
tonian drug-resistant M. tuberculosis isolates. A total of 49
isolates were included in the study: 40 KM-resistant and AK-
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susceptible isolates, 4 isolates resistant to both drugs, and 5
dual-susceptible isolates, all from different patients.

MICs were determined in Middlebrook 7H10 agar supple-
mented with oleic acid-albumin-dextrose-catalase and 2 to 256
g of KM or AK/ml. Resistance was defined as a MIC of >4
pg/ml (9, 16). All isolates were examined for mutations in the
region of the rrs gene where substitutions giving resistance to
KM-AK have been reported (1, 21). We amplified and se-
quenced an approximately 350-bp segment of the 16S rRNA
gene, using the rrs.PCR.F123 (AAGGGCTGCGATGCCGC
GAG) and 1r1s.PCR.R535 (AAGTCCGAGTGTTGCCTC
AGQG) primers. The PCR was carried out for 30 cycles of 95°C
for 30 s, 56°C for 30 s, and 72°C for 30 s with AmpliTaq Gold
(Applied Biosystems). PCR products were purified with a GFX
PCR purification kit (Amersham Pharmacia Biotech) and se-
quenced in both directions with a Big Dye DNA sequencing kit
(Applied Biosystems) The reaction mixtures were precipitated
with ethanol and analyzed in an ABI Prism 3100 genetic ana-
lyzer (Applied Biosystems). Ten isolates were selected for ad-
ditional sequencing of the complete rrs gene. All obtained
sequences were compared, and substitution positions were
numbered according to the CDCI1551 public 7rs gene (acces-
sion number AE 007009).

The M. tuberculosis isolates were genotyped by restriction
fragment length polymorphism analysis, by using a standard-
ized Southern blot hybridization method based on the inser-
tion sequence 1S6710 (24). The gels were scanned, and results
were analyzed using the Gelcompar software (Applied Maths,
Kortrijk, Belgium) as previously described (8). Although they
were isolated from different patients, a high degree of similar-
ity with a predominance of the Beijing genotype was seen
among these MDR-TB isolates (Fig. 1).

Forty KM-resistant isolates (MICs of 8 to 32 pg/ml) were
confirmed susceptible to AK (MIC of =1 pg/ml). In one KM-
resistant isolate (MIC of 64 pg/ml) low-level resistance to AK
was detected (MIC of 8 wg/ml). For the three isolates included
as dual-resistant controls, the MICs of both drugs were >256
pg/ml, while for the five susceptible controls the AK MICs
were =1 and the KM MICs were 1 to 4 pg/ml.

All isolates highly resistant to both KM and AK revealed a
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ID of the Susceptibility to ~ Mutations in
isolate aminoglycosides 1400 region
(MICinpg/mL)  of rs gene
AK KM

BTB 02-065 <1 <1 None
BTB 02-023 <1 4 None
BTB 02-027 <1 4 None
BTB 02-029 <1 4 None
BTB 02-063 <1 <1 None
BTB 02-069 >256 >256 A1400G
BTB 02-071 >256 >256 A1400G
BTB 02-067 >256 >256 A1400G
BTB02-051 <1 16 None
BTB02-070 g 64 Nofe
BTB 02-021 <1 32 None
BTB 02-033 <q 8 None
BTB 02-031 <1 8 None
BTB 02-041 <1 16 None
BTB 02-044 <1 16 None
BTB02-046 <1 8 None
BTB 02-045 <1 8 None
BTB 02-043 <1 8 None
BTB 02-048 <1 16 None
BTB 02-050 <1 16 None
BTB 02-056 <1 16 None
BTB 02-058 <1 8 None
BTB02-057 <1 16 None
BTB02:052 <1 8 None
BTB 02-060 <1 8 None
BTB 02-013 <1 8 None
BTB02:012 <1 8 Nore
BTB 02-015 <1 8 None
BTB02-020 <1 8 None
BTB 02-022 <1 16 Mg
BTB 02-059 <1 8 None
BTB02-030 <1 8 None
BTB02-035 <1 8 None
BTB02-034 <1 8 None
BTB02-039 <1 32 None
BTB 02-038 <1 16 None
BTB 02-018 <1 8 Kone
BTB 02-017 <1 8 None
BTB 02-025 <1 8 Mone
BTB02-053 <1 8 None
BTB 02-061 <1 8 None
BTB02-040 <1 16 None
BTB 02-047 <1 8 None
BTB 02-016 <1 8 Nooe
BTB 02-014 <1 8 None
BTB 02-036 <1 8 None
BTB 02-026 <1 8 None

I BTB02-032 <1 16 None

FIG. 1. Restriction fragment length polymorphism (RFLP) patterns and resistance to AK and KM of 49 isolates of M. tuberculosis originating
from different patients and their mutations in the partially sequenced rrs gene. ID, identification number.

guanine-for-adenine substitution at 16S rRNA position 1400
(Fig. 1). No mutations were seen in the position 1400 region of
the rrs gene in isolates for which KM MICs were 64 pg/ml or
less.

Ten M. tuberculosis isolates were further examined for mu-
tations in the nucleotide sequence of the whole rrs gene. Be-

sides confirmation of the A1400G mutation in one isolate, a
thymine-for-cytosine substitution at 16S rRNA position 516
was detected in two additional isolates (MIC of KM, 32 to 64
pg/ml). No mutations in the rrs gene were identified in the
remaining seven isolates (Table 1). To our knowledge the
C516T mutation has not previously been associated with KM
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TABLE 1. Sequencing results of whole rrs gene analysis in 10 M.
tuberculosis isolates having different resistance profiles for
KM, AK, and SM

Susceptibility to aminoglycoside”

Clinical isolate of Mutation in the

M. tuberculosis KM MICin  AK(MICin ¢\ s gene
wg/ml) pg/ml)

BTB 02-063 S (1) S (=1) S None
BTB 02-065 S (1) s (=1) R None
BTB 02-027 S (4) s (=1) R None
BTB 02-012 R (8) S (=1) R None
BTB 02-022 R (16) s (=1) R None
BTB 02-021 R (32) s (=1) S C516T
BTB 02-037 R (32) s (=1) R None
BTB 02-039 R (32) s (=1) R None
BTB 02-070 R (64) R (8) S C516T
BTB 02-067 R (>256) R (>256) R A1400G

“ S, susceptible; R, resistant.
 Drug concentration used, 4.0 pg/ml.

resistance in M. tuberculosis. However, in earlier reports the
very same mutation has been found in SM-resistant strains and
consequently suggested as an SM resistance marker (4, 7, 14).
This, however, is in conflict with our findings, as our two
isolates were KM resistant but SM susceptible.

Victor et al. have proposed that the nucleotide change (C-
to-T transition) at position 491 of the rrs gene (close to the
position where we found the thymine-for-cytosine substitution)
is a polymorphism not associated with drug resistance (25).
These contradictory findings highlight the importance of es-
tablishing the causal relationship between any given mutation
and drug resistance.

We did not find any mutations at positions 1400, 1401, and
1483 in any of the 40 KM-resistant and AK-susceptible MDR
M. tuberculosis isolates tested. This is in agreement with earlier
reports where no mutations were found in this region in low-
level (MICs of =4 to 32 ng/ml) AK-KM-cross-resistant M.
tuberculosis isolates (1). This and earlier studies suggest that
nucleotide substitutions at position 1400 in the rrs gene may be
used as an important marker of high-level AK-KM resistance
(1, 21, 22). Since genetic methods have so far failed to detect
all clinically relevant drug resistance to aminoglycosides, it is
important to test antimicrobial susceptibilities of M. tubercu-
losis also by culture. Our data show that AK-KM cross-resis-
tance is not generally present and indicate that there might be
a need to test M. tuberculosis isolates with both these drugs.

This study was supported by the Swedish Baltic Sea Grant.
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