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Abstract

ObjectivesThe objectives of our study were 1) to define fésltorsfor antimicrobial-resistant Myco-
bacterium tuberculosis (MTB) 2) to evaluate the ofseeal-time PCR-based technique for the predictd phen-
otypic resistance of MTBViethodsWe performed a prospective study in which we demnsd all 120 patients
with smear-positive tuberculosis who were admittetlvo clinical wards of the Marius Nasta InstituiePneu-
mology within a period of one year. Only data fré68 patients who underwent bacteriological investiimns,
including sensitivity tests, and who had filled @utuestionnaire was analyzed. Fourteen patienth wil-
ture-confirmed tuberculosis resistant to any fiiee drug were compared to patients with fully sysle dis-
ease. Sixty-seven MHERains (26drug-resistanand 41 drug-susceptible) were tested using a metainmen-
ded for the Light Cycler platform. For rifampin ience, two regions of rpoB gene were targetedlewfor
identification of isoniazid resistance, we searclfi@dmutations in katG and inhA genes. The suso#iptitest-
ing was performed using the absolute concentratthod.ResultsWe noted that while MTB resistance tends
to be lower in new cases (3.7%), in patients wittreatment this resistance is much higher (44%geeially
multidrug resistance (MDR), which accounts for 36fcases of retreatment vs. 1.2% of new cases. Bsigt-
ance was significantly associated only with presiamtituberculous treatment (OR 19.56, Cl 95% (28611,
p<0.005).The sensitivity and specificity of theichgetection of mutations for isoniazid were 96%%®9CI: 88-
100), respectively 95% (95% CI: 89-100), while floe rifampin resistance, sensitivity and speciieitere 92%
(95% CI: 81-100%), and 74% (95% CI: 61-87%) respesty. In our isolates the main resistance mecharnis
isoniazid was related to changes in the katG ghaedncodes catalase. Using this method, the lestracy for
genotyping compared to phenotypic resistance gstias obtained in what concerned detecting isodiagsist-
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ance mutations. We found that for rifampin resistathe correlation between the predicted and oleskpheno-
type was less than satisfactoGonclusionMTB resistance was significantly associated ority wrevious anti-
tuberculous treatment. Real-time PCR assays reptesgaluable diagnostic tool but they are not gatnpletely
satisfactory for the detection of drug-resistantBAT

Keywords:Mycobacterium tuberculosis, risk factors, resisenReal-Time PCR

Rezumat

ObiectiveScopul acestui studiu a fost acela de a evaluaitahreal-time PCR pentru determinarea re-
zisteniei la izoniazid si rifampicing a tulpinilor de Mycobacterium tuberculosietodeUn nunar de 67 de tul-
pini de Mycobacterium tuberculosis (26 rezistesitd1l sensibile la tuberculostatice) au fost testit®sind o
metod descrig anterior pentru platforma Light Cycler. Testarembtipiai a rezisterei s-a realizat prin metoda
concentraiilor absolute. In vederea identificii rezistenei la rifampicini au fost Gutate mutai de rezisteni in
gena rpoB, iar pentru izoniazigdin genele inhAi katG. RezultateSensibilitategi specificitatea detedtii rapi-
de a mutgilor de rezistemi pentru izoniazid au fost 96% (95% CI: 88-100), respectiv 95% (95689-100).
Pentru detectarea rezista la rifampicini, sensibilitateasi specificitatea au fost 92 % (95% CI: 81-100%b)
respectiv 74% (95% CI: 61-87%). Principalul mecanide conferire a resistes la izoniazid Tntalnit la tulpi-
nile studiate a fost modificarea in gena katG, fiodtoare a catalazei micobacteriene. In prig@nezisterei la
rifampicina, concordama dintre testarea fenotipicsi cea genotipié nu a fost mulimitoare.Concluzii Folosind
aceasf metod, acuratgea cea mai buhintre testarea fenotipicsi cea genotipig a rezisterei a fost okinuta
pentru izoniazid. Desi real-time PCR este o tehaiade diagnostic valoroas in cazul detedtii rezisterrei la
antituberculoase a Mycobacterium tuberculosis, easte pe deplin satigfitoare.

Cuvinte cheie: Mycobacterium tuberculosis, factori de risc, rezigs,

Introduction health issue because patients can remain infec-
tious for longer periods of time. Therefore, pub-
Although antituberculous therapy has lic health consequences of drug-resistant TB
been available for the past 50 years, tuberculos- might be more serious than those of drug-sus-
is is still a major worldwide public health prob-  ceptible disease, as MDR renders TB more dif-
lem, with the World Health Organization ficult and costly to treat.

(WHO) estimating that approximately one third According to a national survey performed
of the planet's population is infected withy- in Romania between 2003 and 2004, 3.6% of the
cobacterium tuberculosi$gMTB). Romania is strains isolated from newly diagnosed patients and

one of the European countries with the highest 8.6% from relapse cases were resistant to one anti-
incidence of both new and relapse cases of tuberculosis drug (INH) (2)he study also showed
tuberculosis (TB) with more than 25,000 total that MDR tuberculosis represented 2.9% of the
cases recorded every year (1,2). strains isolated from newly diagnosed patients and
The emergence of multi-drug resistant 11% of those isolated from relapse cases. Taking
(MDR) tuberculosis - defined as the resistance into account that in Romania more than 25,000 TB
to at least isoniazid (INH) and rifampin (RMP)  cases (new cases and relapses) are reported each
- has been a major public health concern since year, we can estimate that more than 1,100 patients
the early 1990's. Although it remains unclear are infected with MDR-TB strains.
whether MDR strains are less transmissible Drug-resistant strains emerge by selective
than sensitive strain§! infections with drug- multiplication of resistant mutants within the le-
resistant tuberculosis represent a major public sions, as a result of inappropriate and/or inad-
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equate treatment. High rates of MDR-TB have
been observed not only among previously treated
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product is a target for INH and tlexyR gene
and the neighboringphCgene as well as their

TB patients, but also among new cases due to the intergenic region (5). Several real-time PCR-

transmission of MDR-TB in the community. The
main risk factors associated with acquired drug
resistance are cavitary disease, poor compliance
with medication, inappropriate prescription of
drugs, HIV infection and immigration from areas
with high prevalence in MTB resistance.

Rapid identification of resistance is es-
sential in reducing the time between diagnosis
and appropriate therapy and thus in limiting the
transmission of drug-resistant strains. Classical
phenotypic methods of determining resistance
require a long time (up to 10 weeks after referral
of a sample to the laboratory) which can be sig-
nificantly reduced by nucleic acid amplification
assays. Given this major advantage there has
been a lot of effort invested in the past few years
in designing new performance protocols for gen-
otyping MTB strains. The real-time PCR came
to be the main approach because of its unique
features: high sensitivity, specificity, and speed
that require no post-PCR sample manipulation.
Specific primers and probes that can be used to
identify gene mutations associated with drug res-
istance in MTB have been developed using res-
ults from fundamental research such as the com-
plete MTB genome sequencing.

RMP binds to the bacterial RNA poly-
merase and interferes with the RNA synthesis
by binding to the bacterial RNA polymerase;
resistance to RMP is conferred by mutations
resulting in at least eight amino acislsbstitu-
tions in therpoB subunit of the RNA poly-
merase. Mutations in a limited region iqfoB
have been found in >95% of RMP-resistant
clinical isolates of MTBand resultsin high-
level resistance (MIC >3gg/ml) to RMP and
cross-resistance to all rifamycifisINH acts by
inhibiting an oxygen-sensitive pathway in the
mycolic acid biosynthesis of the cell wall. At
least four genes have been described to be in-
volved in resistance to isoniazid: tkatG gene,
which encodes a catalase; theA gene, whose

based methods targeting these specific genomic
regions have been described (6-13).

The purpose of the present study was to
define risk factors for MTB resistant to antimi-
crobials and to evaluate the use LightCycler in-
strument in detecting these mutations associated
with resistant MTB strains isolated from Ro-
manian patients.

Materials and Methods

Strains and resistance testing

For the first objective we performed a
prospective study in which we included 120
smear-positive TB patients admitted to two clin-
ical wards of the Marius Nasta Institute of Pneu-
mology within a period of one year. We analyzed
data from 103 patients who underwent bacteri-
ological investigations including sensitivity tests
and who had filled out a questionnaire. The data
collected in the questionnaire were:

e« Employment status

e History of exposure data:

e Living conditions

e History of imprisonment, homelessness, em-
ployment in TB wards

e History of hospitalization in pneumology or
other medical wards

¢ Other TB cases of family members or friends

e History of TB chemoprophylaxis

o History of previous TB diagnosis & treatments

¢ Drug & alcohol-abuse

o HIV status

¢ Other immune-compromising conditions

e Type of case by previous exposure to treat-
ment according to the WHO definition

We defined the type of case according
to previous exposure to treatment as: new case,
relapse, retreatment after failure or default and
chronic case, as follows:

e New casenew TB patient, never treated with anti
tuberculous drugs or treated for less than 1 month
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e Relapse:TB in a patient who received a com-
plete treatment in the past

e Retreatment after failure: TB patient who
continues to be positive or turned to be posit-
ive again at sputum examination after tie 4
month of treatment.

e Retreatment after default: restart of TB
treatment in a TB case that interrupted treat-
ment for more than 2 consecutive months and
turned to positive sputum results.

¢ Chronic case:failure of the first retreatment

Forty-one susceptible and 26 resistant
clinical isolates of MTB (23 resistant to both

INH and RMP, 1 mono-RMP resistant and 2

resistant to INH only) from 62 different patients

were studied. The susceptibility testing was per-
formed by using the absolute concentration
method (Meissner) (14). This method is based
on the comparison between the growth of my-
cobacteria on drug-free medium and that from
drug-containing media (antituberculosis drugs
incorporated in the medium at different concen-

trations), after 21 days from inoculation with a

standardized inoculum. Two critical concentra-

tions were used for every tested drug: INH 0.2

and 1pg/ml for INH, 20 and 40pg/ml for RMP.

According to this methodgesistance to a drug

is defined by the growth of more than 20 colon-

ies on drug-containing media (INH 1 pg/ml,

RMP 40 pg/ml).

Extraction of mycobacterial DNA

The MTB DNA was extracted using the
thermal lysis procedure in the presence of Chel-
ex 100 (Amersham Pharmacia Biotech, Uppsala
Sweden). One loopful of bacteria scraped from
Léwenstein-Jensen solid medium was suspen-
ded in 100ul of sterile water; 10% suspension
of Chelex was added volume to volume and the
mixture was incubated for 45 minutes at 45°C
and 5 minutes at 100°C. The samples were
centrifuged at 12000xg for 5 minutes and the

Revista Romanhde Medicia de Laborator Vol. 18, Nr. 2/4, lunie 2010

Real-time PCR

We adapted a previously described pro-
tocol for genotyping the MTB drug resistarfte.
The method published by Torres et al. was de-
signed as a single tube method able to detect RMP
and INH resistance mutations; one set of primers
and two fluorescently labeled hybridization probes
were used for each targeted region. One set of
primers and two sets of probes (rpoB1 and rpoB2)
that targeted thepoB gene have been used for de-
tection of RMP resistance and one set of primers
and probes for eadtatG andinhA gene in order to
test INH resistance. All primers and probes were
synthesized by TIB MOLBIOL (DNA Synthesis
Service; TIB MOLBIOL GmbH, Berlin,
Germany). Real-time PCR was followed by melt-
ing curve analysis, both performed on the Light-
Cycler instrument (Roche Diagnostics, Mannheim,
Germany). We used the same PCR conditions
(components concentration, cycling and melting
programs) as previously described, but we added
10 more cycles of amplification to the recommen-
ded 35 (7)We included into each experimental run
one negative control (the DNA template was re-
placed with PCR-grade water) and one positive
control (the DNA template was isolated fréfiiB
H37Ry, strain susceptible to the INH and RMP).

Statistical analysis

In order to determine the cut-off of, T
changes to predict mutations associated with +esist
ance, we generated ROC curves. AROC curve is a
graph of sensitivity (or true positive rate) on Yae
axis as a function of 1-specificity (the false-posi
rate) on the X-axis. The graph is used to assess th
global value of a test whose result is a continuous
variable (the greater the area under the curve, the
greater accuracy of the test), and to select iiter
cut-off points for which to calculate sensitivitgca
specificity. For a test with a large area (>0,850),
one can have good sensitivities and specificities,

supernatant was harvested for subsequent use in while for a test with lesser accuracy (0.600-0.800)

the following steps of the experiment.

one can choose a cut-off point in order to increase
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Figure 1A. Susceptibility testing for the whole group
(H - isoniazid, R - rifampicin, K - kanamycin,
Z - pyrazinamide, S - streptomycin, C - cyprofloxacin)

sensitivity or specificity, but with the cost ofaav
specificity, respectively sensitivity.

The area under the ROC curves was then
determined, and the cut-off points were identified

to maximize test sensitivity (and thus to decrease

the false negative rate). To further enhance sensit
ivity, we also assessed in parallel the tests tetec
ing the presence of eithepoBl or rpoB2 for
RMP resistance and the presence of ekh&s or

inhA gene for INH resistance. SPSS 10.0 software

(SPSS, Inc., Chicago, IL, USA) was used for the

database construction and ROC curves, and CAT

maker 1.1 (Centre for Evidence-Based Medicine,
Oxford, GB, 2004) to calculate the attributes of
the diagnostic tests studied.

Results

103 out of 120 questionnaires were eligible
for analysis. Most patients were new cases (78, rep

resenting 75.7%), but we noted 12 cases (11.6%) of
relapses, 8 cases (7.8%) of chronic TB and 5 cases

(4.8%) of retreatment either for default (3 cases)
failure (2 cases). The majority of patients wess le
than 50 years old (similar to the national incigégnc
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80 W Multidrugresistant TB
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Figure 1B. M. tuberculosis susceptibility
according to the previous antituberculous
treatment

The results for the susceptibility testing for
the whole groupHRigure 1A)and according to pre-
vious exposure to antituberculous treatméing-(
ure 1B were as follows: 89 strains (86.4%) fully
susceptible and 14 strains (13.6%) resistant. The
resistant strains were either monoresistant (4 rep-
resenting 3.9%), or multidrug-resistant (9 repres-
enting 9.5%). We noted that while MTB resistance
tends to be low in new cases (3.7%), in retreatment
cases this resistance is much higher (44%).
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and 65% of them were unemployed/retired, or with Figure 2. Potential risk factors for drug resistance

poor socio-economical status.

in our study group
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Table 1. Risk factors for resistance

Risk factors Resspance Susce.ptlble OR (Cl)
strains strains
History of previous TB diagnosis 11/14 15/89 18,09 (3,96-94,41)
& treatments
Alcohol-abuse 6/14 24/89 2,03 (0,55-7,38)
Other TB cases in family 4/14 23/89 1,15 (0,27-4,55)
History of TB chemoprophylaxis 2/14 0/89 0,44 (0,099,
Unemployment 3/14 34/89 0,44 (0,09-1,89)

When studying the association between
different factors Figure 2 and drug resistance,
we found that this was significantly correlated
only with previous TB treatment (OR 19.56, ClI
95%, (3.96-94.41) p<0.005)4ble 1)

During the real-time PCR experiments, the
amplification of the DNA template was monitored

by continuously measuring the fluorescence level.

The Ct for samples and for the positive control
ranged between 20 and 35 cycles. The fbr the

70.08 and 71.26°C. Therefore, for each experiment-
al run we analyzed the changes ipfor the PCR
products derived from our collection of resistamt a
susceptible MTB clinical isolates as compared with
the T, of the H37Rv tested in the same run rather
than using directly the observegsT

We also noticed that the,Values for the
H37Rv strain as well as for other wild-type (wt)
field strains tested were lower than expected
(70.08°C for H37 as compared with 72.8°C in the

probes annealed to the PCR product were generated original communication). For the resistant strains,

by running the melting analysis program (ramping
from 50 to 85°C with 0.1°C per second) and calcu-
lated using the LightCycler software. While running
different sets of samples along with the posite-c
trol, we observed that the melting temperaturg (T
for the MTB H37Rv was variable, ranging between

0018~
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0014~

0012~

0010~

0.008 -

0.006 -

Fluorescence -d(F2/F1)/dT

in one case (sample 2312), we obtained a lower
Tm value than the expected,;Tthe 8 TM was
however consistent with AGC > ACC mutation in
position 315. IrFigure 3we represented the melt-
ing profiles for the positive control (H37Rv) and
other 7 samples when we analyzedkats PCR

0 Tm
2312
/ e
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Figure 3. Melting profiles for H37Rv
and other 7 MTB strains tested
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products. It can be seen that the sample 2312 has

a melting profile different than H37Ryv, in agree-
ment with the phenotypic results which scored
this sample as resistant to INH. The other isolates
had the same melting profile with the positive
control and were also found to be susceptible to
INH by the phenotypic analysis.

As compared with the .Tof the suscept-
ible strain, the J changes for the products derived
from our collection of resistant and susceptible
MTB clinical isolates varied largely: 0.00-2.29
(rpoBY), 0.00-4.63 1(poB2), 0.01-3.32 iahA) and
0.01-5.86 katG).

rpol ROC Curve. AUC=0.750 (0.621, 0.878)
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Figure 4A. Analysis of Tm changes in order to
define the cut-off predictable for mutations
associated with rifampin resistance
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In order to determine the cut-off of, T
changes for mutations associated with resist-
ance we used the ROC curves. Concerning the
RMP resistance, the area under the ROC curves
with the 95% confidence intervals fopoB1
and rpoB2 (Figure 4A) were 0.750 (0.621,
0.878) and 0.711 (0.584, 0.839) respectively,
while for the INH resistance, the areas katG
andinhA (Figure 4B)were 0.935 (0.862, 1.008)
and 0.666 (0.530, 0.802) respectively. The cut-
off points of T, changes predictable for muta-
tions associated with resistance fqgooBl],
rpoB2 inhA and katG were respectively 0.90,
0.95, 1.30 and 1.10.

For IHN resistance, the genotyping res-
ults correctly matched classical resistance testing
in 24 (96%) of 25 isolates. There were 2 isolates
reported as genotypically resistant and phenotyp-
ically susceptible Table 3. We found that 20
strains had mutations in tkatG gene, while only
one had mutations in thehA gene; 4 strains had
mutations in both genes. We can conclude that the
main isoniazid resistance mechanism identified in
the MTB Romanian isolates is related to changes
in the gene that encodes catalase.

For RMP our results only partly
matched those generated by conventional test-
ing. There were 11 isolates reported as genotyp-
ically resistant while their phenotype was sus-
ceptible; however, only 2 isolates among 24

kat G ROC Curve. AUC=0.935 (0.862. 1.008)
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Figure 4B. Analysis of Tm changes in order to define the cut-off predictable for
mutations associated with isoniazid resistance
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Table 2 Rapid detection of resistance associated mations for INH (presence of eitherinhA or katG)
as compared to the INH resistance phenotype

Isoniazid phenotype
- - Total
Resistant Susceptible
L Resistant 24 2 26
Isoniazid genotype -
Susceptible 1 40 41
Total 25 42 67

Table 3 Rapid detection of resistance associated mations for RMP (presence of eitherpoB1 or rpoB2)
as compared to the RMP resistance phenotype

leampln phenotype_ Total

Resistant Susceptible
_ ) Resistant 22 11 33
Rifampin genotype Susceptible 2 32 34
Total 24 43 67

phenotypically RMP-resistant strains generated
a susceptible hybridization patteffable 3.

The sensitivity and specificity of the
rapid detection of mutations for isoniazid (pres-
ence of eithernhA or katG were 96% (95%
Cl: 88-100), respectively 95% (95% CI: 89-
100), with a positive likelihood ratio (LR+) of
20 and a negative likelihood ratio (Ir-) of 0.04.
For RMP (presence apoB1 or rpoB2), sensit-
ivity and specificity were 92 % (95% CI. 81-
100%), and 74% (95% CI. 61-87%), respect-
ively, with a LR+ of 3.58, and a Ir- of 0.10.

Discussions

MTB can develop resistance to an anti-
microbial agent spontaneously or under the se-
lective pressure of antibiotics, but spontaneous
development of resistance to both IHN and
RMP in a properly treated patient is virtually
impossible. Therefore, MDR arises under the
selective pressure of inadequate therapy.

Between 1990 and 1992 the Centers for
Disease Control and Prevention reported several
outbreaks of MDR-TB. In Europe such outbreaks

AIDS epidemics has been found to be associated
with MDR. We did not find an association
between MDR-TB and HIV infection, but the
number of HIV infected patients in our study
group was very limited. The major risk factor is
considered to be a previous and inadequately ad-
ministered therapy and our results support this
finding. Alcohol abuse and a poor socio-economic
status are risk factors rather for TB than forstesi
ant TB. Other factors associated with MTB resist-
ance were the deterioration of the public health in
frastructure and inadequate training of health care
workers in the epidemiology of TB (14).

None of the methods used to determine
the susceptibility of MTB to antituberculous
drugs is perfect (15).

One of the objectives of our study was to
evaluate to which extent differences in sequence
between circulating strains might hamper the use of
real-time PCR based techniques for the predicfion o
phenotypic resistance of MTB strains. We used a
technique recommended for the Light Cycler plat-
form to analyze 67 sequences fromdPg-resistant
and 41 drug-susceptible MTB strains.

Our results suggest that this platform

have also been reported. In these outbreaks the can be used but there are some limitations. One
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of them is related to reproducibility. While test-
ing for the resistance to INH and RMP with real
time PCR, we found that the,Tor sensitive as
well as for resistant strains varied proportion-
ally from one experiment to another when com-
pared to the control strains due to factors that
could not be identified. However, the differ-
ences between the.d of resistant and sensitive
strains were consistently observed and could be
reliably associated with predicted resistance.

Although the genotypic assays are very
useful for rapid detection of drug resistance,ether
are some limitations. Firstly, not all MTB-DR isol-
ates have mutations in the so-caled spotsof the
genes associated with resistance. For instanaat, abo
20-30% of the INH-resistant strains do not have
mutations inkatG, inhA, kasAor aphC genes (4).
For that reason, it is very difficult to desigrestithat
could identify all the possible mutations that eonf
resistance to anti-MTB drugs. This was the case
with the MTB isolates from Romanian patients.
Here, only two of the main genes involved in con-
ferring resistance to INH were targeted by PCR. We
found that for the Romanian straibsitG was ad-
equate to detect INH resistance. In the analysis of
data from other studies, geographical differences i
the frequencies of specific mutations are alsorappa
ent: thekatG gene was mutated at codon 315 in
64% of INH resistant strains from South Africa and
Central and Western Africa but in only 26% of
Singaporean isolates (16,1Furthermore, even the
commercial tests for genotyping MTB-DR have
been reported to present some limitations: a recent
study has evaluated the results of the two commer-
cially available line probe assays and it showatl th
while the accuracy for RMP resistance was very
good, the sensitivity for INH was variable (17).

We found that for RMP resistance, the
concordance between the predicted and ob-
served phenotype was less than satisfactory.
This is not entirely unexpected, because a
single mutation, although implicated in resist-
ance, might not be enough to generate a resist-
ant phenotype. Two explanations can account
for these observations. The most important is
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the presence of mutations within tp®B locus
that are not associated with resistance but nev-
ertheless influence the annealing properties of
the probes; this is most likely the reason for
which a significant number of strains were clas-
sified as resistant to RMP by genetic analysis
and sensitive by phenotypic testing.

On the other hand, it should be kept in
mind that isolates that are susceptible according
to molecular assays targeted on specific muta-
tions may contain other unknown mechanisms
of resistance, and these mechanisms will be
missed by these techniques.

A much smaller number of strains were
reported sensitive by the hybridization analysis
and resistant by the phenotypic analysis. The ex-
planation for this is that a small albeit significa
number of strains have determinants of resistance
outside the area targeted by the assays we used. A
similar phenomenon has been reported by others
(18-20). Another possibility is that changes have
occurred in genes whose products participate in
antibiotic permeation or metabolism (18).

In addition, the results of the absolute
concentration method used in the phenotypic test
are less reliable compared to the proportion meth-
od (the most preferred choice); errors in the sus-
ceptibility testing may be related to: culturesenld
than 21-30 days, incorrect size of inoculum, in-
correct dilution, errors in incorporation of antibi
otics in culture media (14). This technique should
be further evaluated since the circulating strains
different geographical regions might behave dif-
ferently when genotypically tested.

This real-time PCR assay could be useful
when investigation of drug resistant TB is man-
datory: in cases with a history of one or more pre-
vious treatment(s) with several failing or discon-
tinued regimens or in the situation of exposure to
a known source of drug resistant TB. Although
real-time PCR assays may be a valuable diagnost-
ic tool, they are not yet completely satisfactany f
MTB drug-resistance detection. Phenotype-based
assays will continue to have a place in the clinica
mycobacteriology laboratory.
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Conclusion

Based on our experience, real-time
PCR assay could be used in clinical practice but
only with caution, in cases with risk factors for
resistance. The results can be used for guiding
the initiation of therapy especially in patients
with prior inadequate antituberculous treatment.
Nevertheless, the treatment should be adjusted
accordingly as soon as phenotypic testing res-
ults are available. The best accuracy for geno-
typing compared to phenotypic resistance test-
ing was obtained for detecting INH resistance
mutations targeting theatG gene.
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