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CIBER Enfermedades Respiratorias-CIBERES, Spain2; and Unidad de Referencia Regional de

Micobacterias, Hospital Universitario Central de Asturias, Oviedo, Spain3

Received 3 April 2011/Returned for modification 24 April 2011/Accepted 28 April 2011

Our study provides an alert regarding the transmission of rifampin-susceptible strains of Mycobacterium
tuberculosis with a silent substitution in codon 514 of rpoB. Among 1,450 cases, we identified 12 isolates sharing
this mutation and related restriction fragment length polymorphism (RFLP) types. The mutation impaired
hybridization with the wild-type probes in three independent commercial assays, which could lead to misas-
signment of resistance.

The demand for rapid detection of resistance in Mycobacte-
rium tuberculosis has led to a switch from standard phenotyping
assays to faster genotyping assays able to identify resistance
mutations directly from clinical specimens.

Solid-phase hybridization tests use amplified DNA from the
clinical isolate and a set of immobilized probes (containing
wild-type [wt] and mutant alleles) and have proven to be effi-
cient when applied prospectively (2, 4, 11). Resistance to ri-
fampin (RIF) is assumed to be present when hybridization is
observed with the probes including resistance mutations but
not with the wt probe. However, as commercial designs do not
include probes for all of the possible mutations in the RIF
resistance-determining region (RRDR), the test instructions
state that lack of hybridization with the wt probes allows the
investigator to indirectly assume resistance, even in the ab-
sence of hybridization with the mutant probes.

Our primary objective was to evaluate the frequency of this
pattern (no hybridization with the wt probe/no hybridization
with the mutant probes), which leads to the indirect assump-
tion of RIF resistance. We also analyzed whether this pattern
could also be due to substitutions in the RRDR that impaired
hybridization with the wt probe but were not associated with
resistance. Therefore, we analyzed data from a reverse-hybrid-
ization assay (INNO-LiPA RIF.TB; Innogenetics NV, Ghent,
Belgium) that was systematically performed between 2004 and
2011 on all M. tuberculosis isolates from independent tubercu-
losis (TB) cases received in the Mycobacteriology Reference
Unit (1,084,341 inhabitants) of Hospital Universitario Central
de Asturias (Oviedo, Spain). Both absence of hybridization
with the wt probe S1 and absence of hybridization with the
mutant probes were observed in 12 isolates of the 1,450 tested
(all during 2006 to 2011; four were involved in a nosocomial
cluster) (5) (Fig. 1). The reverse-hybridization test result was
not reported to the clinician in any of the 12 cases, and the

reference laboratory decided to wait for data from the antibi-
ogram. All 12 isolates were pansusceptible by the agar propor-
tion method (the RIF MICs were �1 �g/ml) according to an
international standard (15) and by Etest (AB Biodisk, Solna,
Sweden) (the RIF MICs were �0.125 �g/ml). Once we ob-
served mutations impairing hybridization with the RIF wt
probe but not associated with resistance, we evaluated other
commercial genotyping tests applied to these isolates (Fig. 1).
The GenoType MTBDRplus assay (Hain Lifescience GmbH,
Nehren, Germany) showed no hybridization with the rpoB
WT3 probe or with the rpoB mutant probes, and the Gene-
Xpert MTB/RIF system (Cepheid, Sunnyvale, California) re-
vealed no amplification detection by probe B.

Finally, we sequenced the RRDR in order to define the
specific mutations in the 12 isolates sharing these abnormal
behaviors. Unexpectedly, all 12 isolates shared the same mu-
tation, namely, TTC/TTT, a silent mutation in Phe514.

This mutation has only been anecdotally reported in the
literature, accompanying another substitution associated with
resistance (in codon 531) (10), and it has recently been found
in several isolates in the United States (Grace Lin, California
Department of Public Health, personal communication). The
fact that it was shared by all 12 isolates in our study suggested
that they, and not only those involved in the nosocomial clus-
ter, could be clonally related. We applied IS6110 restriction
fragment length polymorphism (RFLP), spoligotyping, and
mycobacterial interspersed repetitive-unit–variable-number
tandem-repeat (MIRU-VNTR) analysis (24-locus format).
The four isolates from the nosocomial cluster, together with
another unrelated isolate (310001322), shared identical RFLP
types, MIRU types, and spoligotypes (Fig. 2, group I). Another
group of four isolates (Fig. 2, group II) shared identical pat-
terns by all three techniques; these patterns resembled those of
group I, although with subtle differences in mobility and the
presence/absence of certain bands and allelic variants at some
MIRU loci. Spoligotyping revealed marked differences be-
tween the group I pattern and the group II pattern, with eight
additional absent spacers adjacent to those that were absent in
the group I pattern. Differences in adjacent spacers between
the spoligotypes of epidemiologically linked cases can arise as
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a result of single independent rearrangements in the direct
repeat (DR) region of clonally related isolates (13). The re-
maining three isolates shared identical or highly similar spoli-
gotypes but showed a certain degree of difference from the
group I and II patterns (Fig. 2).

The finding of 12 cases sharing this silent substitution in the
RRDR, which may be responsible for misassignment of resis-
tance, could be due to one of the following two scenarios.

Scenarios. (i) Convergent scenario. The silent mutation in
codon 514 of rpoB was acquired by independent unrelated
strains. Thus, we would expect completely different genotypic
features for each of the strains. Instead, apart from the identity
of the isolates involved in the nosocomial cluster, a certain

global similarity between the genotyping patterns was observed
for most of the remaining cases.

(ii) Divergent scenario. The strains sharing the silent muta-
tion at codon 514 come from a common ancestor, since very
few isolates harbored this substitution (only 12 out of 1,450).
Other singular genotypic features found in the patterns for the
strains sharing the 514 mutation were allele 4 in the MIRU16
locus, which was identified in only 135 strains (7.6%) of the
1,779 MIRU types obtained in our laboratory, and the fact that
some of the spoligotypes detected were specific for these iso-
lates and either not registered or underrepresented in the
Asturias regional spoligotype database (2004 to 2011) and in
the international SpolDB4 database (3). It could be considered

FIG. 1. Top: reference RRDR wt sequence aligned with a representative sequence of the 12 isolates harboring the single nucleotide
polymorphism (SNP) in codon 514. The regions covered by probes homologous with the wt sequence in INNO-LiPA, GenoType MTBDRplus, and
GeneXpert are shown above the sequences (in gray, black, and white, respectively). Bottom: results for a representative isolate with the different
genotyping techniques. From left to right, INNO-LiPA, GenoType MTBDRplus, and GeneXpert.

FIG. 2. IS6110 RFLP, MIRU-VNTR, and spoligotyping results for all the isolates. MIRU alleles with differences are indicated in boldface. The
isolates were grouped according to similarity (groups I and II). The SIT number and the year of isolation are included. SIT, spoligo-international-
type number according to the designation of the SpolDB4 database.
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that our observations are region specific; additional studies in
other contexts are needed to clarify this possibility. The hy-
pothesis of a common ancestor in our study allows for a certain
degree of microevolution, probably during transmission from
one to another of the 12 hosts over a 6-year period. Partial
modification of the genotyping patterns during transmission
chains has been reported (1, 6, 9, 12, 14), and the same may
have occurred in our cases. Nevertheless, we recognize that the
heterogeneity observed was higher than expected. With respect
to the host, bacilli could have the opportunity to microevolve
faster due to diagnostic delay, substandard therapy, and poor
adherence (14). No evidence of failed therapy or adherence
was found for the cases analyzed, although diagnostic delay
was found in five cases (1, 2, 4, 6, and 8 months). In addition,
certain bacterial mechanisms have been found to be responsi-
ble for the faster generation of variability in specific M. tuber-
culosis strains (7, 8).

Our study provides an alert regarding the existence of silent
mutations in the RRDR that are able to impair binding with wt
probes in hybridization-based commercial genotyping assays, a
pattern that can be interpreted as an indicator of resistance.
The credibility gained by commercial genotyping tests for de-
tecting resistance in M. tuberculosis means that they play an
important role in therapeutic decision making. New probes
must be designed and included in the commercial tests to rule
out misassignment of resistance caused by phenomena such as
that described here. However, hybridization failures with wt
probe(s) in the absence of hybridization with mutant probes
should be investigated by direct sequencing before assigning
resistance. Analysis of isolates showing this abnormal hybrid-
ization pattern revealed the accumulation of related isolates
sharing an identical silent mutation whose relatedness had not
been suspected using standard genotyping methods applied to
M. tuberculosis.
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