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Summary

According to the WHO, about 10 million people fall ill with tuberculosis every year, 1.2-1.4 million of them die.
Drug-resistant forms of tuberculosis make a significant contribution to this statistic - 483,000-639,000 new cases of mul-
tidrug-resistant (MDR-TB) and extensively drug resistant (XDR-TB) tuberculosis are recorded annually.

This study was performed to evaluate the sensitivity and specificity of molecular-genetic diagnostic method Hain
MTBDR in comparison to cultural methods of determining M. tuberculosis drug resistance.

Materials and methods. 3527 sputum specimens from TB patients were investigated by Hain MTBDR and cultural
methods (BACTEC and solid Lowenstein-Jensen medium) during 2018-2019.

Results. 25 inconsistencies were found between the results of Hain MTBDR and cultural methods, which accounted
for 0.7% of all tests performed. The sensitivity of Hain MTBDR in this study was 99.7%, and specificity - 99.6%. Most
of the inconsistencies in the results of molecular genetic and cultural research methods (12 cases) accounted for the deter-
mination of resistance to fluoroquinolones. Of these, mutations in the gyrA gene were found in 10 cases, corresponding
to resistance to fluoroquinolones, which were not confirmed subsequently.

Conclusions. Hain MTBDR is a fast, highly sensitive, highly specific and relatively economical method for diagnos-
ing drug resistance of M. tuberculosis.
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Pesome. dppextuBnocts Hain MTBDR B onpenesnennu ycroitunsoctn M. Tuberculosis k nporuBoTy0epky-
JIE3HBIM Ipenaparam

Esxeronno no ganusiM BO3 tyOepkynésom 3abomneBaer okono 10 muH. genosek, 1,2-1,4 muH. n3 HUX ymuparor. He-
MaJIblii BKJIaJ B JIAHHYIO CTaTHCTHUKY BHOCST XMMHOPE3HCTEHTHBIC (OPMBI TyOepKyné3a — €KEroHO PEerucTpupyercs
483000-639000 HOBBIX cmyuyaeB MyasTHpesncTeHTHOr0 (MPTB) 1 pacmmpenno pesuctentHoro (PPTE) TyGepkynésa.

Lenvio oannozo uccredosanus ObUIO OLEHUTH YYBCTBUTEIBHOCTD U CHEHU(PUIHOCTH MOJIEKYISIPHO-TEHETHIECKO-
ro meroaa auarHoctukn Hain MTBDR no cpaBHEHHIO ¢ KyJabTypajbHBIMH METOAAMH OIPEACICHUs YCTOHYMBOCTH M.
tuberculosis X TPOTHBOTYOCPKYIIE3HBIM MIPEMapaTam.

Mamepuanst u memoosi. beio odocnenoBano 3527 06pa3oB MOKPOTHI TAIIMEHTOB OOJIBHBIX TYOSPKyIE30M, MMOIY-
yeHHBIX B TeueHue 2018-2019 rr., ¢ momoripro Hain MTBDR u KynbeTypalibHBIX METOJIOB HCCIICHOBAHHS (B CHCTEME
BACTEC u Ha cpege Jleenmreiina-ierncena).

Pezynomamer. Cpenu 00cie0BaHHBIX 00pa3oB MOKPOTHI OBIIIO HalIeHO 25 HECOBMAAECHUNH MEXIY pe3yJabTaraMu
Hain MTBDR u kynbsTypalibHBIX HCCaeI0BaHui, uTo coctaBmio 0,7% OT BCeX MPOBEACHHBIX HCCIe0BaHui. UyBCTBH-
tenpHOCTh Hain MTBDR B nannom uccienoBanuu coctasuia 99,7%, a cnermupuanocts — 99,6%. BonbmmHCTBO HECO-
BITAJICHUH PE3YyJIBTaTOB MOJICKYJISIPHO-TEHETHUECKHUX M KyJIBbTYPaIbHBIX METOOB nccienoBanuii (12 ciy4yae) npuxoau-
JIOCh Ha OMpe/IeNIeHHE YCTONYMBOCTH K (pTopxrHONOHaM. M3 Hux B 10 ciry4asx OblIu 0OHapyKEHBI MyTalllH B TeHe gyTA,
COOTBETCTBYIOIME YCTOHYUBOCTH K (PTOPXUHOJIOHAM, KOTOPBIE BIIOCIIECTBUH HE MOATBEPANINCE.

Buigoowr. Hain MTBDR siBiisieTcst OBICTPBIM, BBICOKOYYBCTBUTEIHHBIM, BEICOKOCTICIIM()UIHBIM U OTHOCUTEIHHO KO-
HOMHBIM METOJIOM JMArHOCTHKH JIEKApCTBEHHOH ycroiunBocT M. tuberculosis.

KaroueBble c10Ba: MOJICKYISIPHO-TEHETHUECKHN METOJI, KyIbTYPaJIbHBII METOM, XUMHOPE3UCTEHTHBIE (JOPMBI TYy-
Oepkynésa.

Background. According to the WHO, about 10
million people fall ill with tuberculosis every year,

issue is the fastest determination of M. tuberculosis
(MTB) drug resistance with the aim of timely initi-

1.2-1.4 million of them die. Chemoresistant forms
of tuberculosis make a significant contribution to
this statistic - 483,000-639,000 new cases of multi-
drug-resistant (MDR-TB) and extensively drug resis-
tant (XDR-TB) tuberculosis are recorded annually.
That is, approximately every 17th patient in the world
develops multidrug-resistant or extensively drug re-
sistant tuberculosis [1]. In this regard, an important

ating treatment with individual regimens using sec-
ond-line drugs and preventing the expansion of drug
resistance.

Cultural research methods (the gold standard for
determining the resistance of MTB) are essentially
phenotypic, so they cannot determine the resistance
to anti-tuberculosis drugs as soon as possible. XDR-
TB diagnostics is a two-step process. In the first
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stage, resistance to first-line drugs is determined, and
in the second stage, resistance to second-line drugs is
determined [2].

Over the past decade, the diagnosis of drug-re-
sistant tuberculosis has been significantly improved
with the introduction of molecular genetic research
methods [3]. These methods can be divided into 2
main categories: linear probe methods and sequenc-
ing methods. The first are GeneXpert MTB / RIF (Ce-
pheid, USA) and Hain MTBDR (Hain Life Sciences,
Germany) [4], which have received worldwide dis-
tribution due to their high sensitivity, specificity and
economic efficiency. Sequencing methods, despite
their higher sensitivity and specificity, have not been
so widely used because of their high cost, which pre-
vents their widespread use in countries with a high
tuberculosis burden as part of national tuberculosis
control strategies.

The Hain test uses hybridization technology to
detect mutations associated with MTB resistance to
both the first and second line drugs. Detection of cer-
tain mutations in the rpoB gene corresponds to sus-
pected resistance to rifampicin (R), katG and inhA to
isoniazid (H), gyrA and gyrB to fluoroquinolones (Q,
in particular to levofloxacin (Lfx) and moxifloxacin
(Mfx)), rrs and eis - to aminoglycosides.

Earlier studies, systematized in two meta-ana-
lyzes [5, 6], noted a wide variation in the sensitivity
of this method from 96% (for R) to 44% (for kana-
mycin (Km)) and specificity from 99% (for H, R, Km
and amikacin (Am)) up to 79% (for ethambutol). Due
to this variation in the diagnostic value of molecular
genetic diagnostic methods, culture tests remain the
gold standard for determining the drug resistance of
tuberculosis.

This study was performed to evaluate sensitivity
and specificity of molecular-genetic diagnostic meth-
od Hain MTBDR in comparison to cultural methods
of determining M. tuberculosis drug resistance.

Materials and methods. 3527 sputum speci-
mens from TB patients were investigated by Hain
MTBDR and cultural methods (BACTEC and solid
Lowenstein-Jensen medium) during 2018-2019. Hain
MTBDR was used to determine resistance to R (de-
letions and mutations in the rpoB gene), H (deletions
and mutations in the katG and inhA genes), Q (de-
letions and mutations in the gyrA and gyrB genes)
and aminoglycosides (deletions and mutations in the
118, eis genes ). The results obtained when performing
culture tests and Hain MTBDR were compared with
each other. Statistical data processing was performed
using Microsoft Office Excel 2010 and Statistica 8.0.

Results. Among sputum samples, 25 inconsisten-

cies were found between the results of Hain MTBDR
and culture tests, which accounted for 0.7% of all the
studies performed (Table 1).

From the data obtained it is clear that most of the
differences in the results of molecular genetic and
culture tests (12 cases) accounted for the determina-
tion of resistance to fluoroquinolones. Of these, in 10
cases, mutations were found in the gyrA gene, cor-
responding to resistance to fluoroquinolones, which
subsequently was not confirmed phenotypically by
using culture drug susceptibility tests.

The false negative Hain MTBDR results, that
is, the absence of detected mutations responsible for
drug resistance combined with phenotypical detec-
tion of mutations, were observed mainly in the diag-
nosis of H resistance (4 cases) and aminoglycosides
(Km - 3 cases, Cm - 3 cases).

The sensitivity of Hain MTBDR in this study was
99.7%, and specificity was 99.6%.

Discussion. The Hain MTBDR method is be-
coming more and more popular in bacteriological
laboratories of tuberculosis institutions, since it has
a sufficiently high sensitivity and specificity and can
quickly detect the resistance of MTB to anti-tubercu-
losis drugs.

The sensitivity and specificity of the Hain MTB-
DR method in this study was higher compared with
the results obtained in the studies of Feng et al. (2013)
and Bai et al. (2016) [5-6], however, this may be as-
sociated with a significantly smaller number of tests
carried out than in two meta-analyzes.

The omission of resistance to H may be due to the
fact that Hain MTBDR does not determine the S315N
mutation, which, meanwhile, occurs in almost a quar-
ter (23.8%) of H-resistant MTB [7].

The omission of aminoglycoside resistance can
be explained by the same reason. Detection of mu-
tations in the eis and rrs genes provides a high level
of specificity of the study and a sufficient level of its
sensitivity [5, 6], however, mutations encoding resis-
tance to aminoglycosides may be contained in other
genes not identified by Hain MTBDR, in particular,
gidB [11].

Preservation of sensitivity to fluoroquinolones
even in the presence of mutations in the GyrA gene
was also demonstrated in a number of studies [8—10],
where it was suggested that substitution of C-8-me-
thoxy and C-8 halogen in the chemical structure of
the new generation of fluoroquinolones (levofloxacin
and moxifloxacin) provides their higher bactericidal
and bacteriostatic efficacy with a lower minimum
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Table 1.
Comparison of Hain MTBDR and culture tests results
Drug Hain MTBDR Mutations Nuzr:‘ls)ssr of Culture tests
R resistant deletion wt8 in rpoB 1 sensitive
gene
H sensitive - 4 resistant
Q sensitive - 1 resistant to Lfx
- 1 resistant to Lfx, Mfx
resistant deletion wt2 and mu- 1 resistant to Lfx
tation MUT2 in gyrA
gene
deletion wt2 and mu- 1 sensitive to Lfx, Mfx
tation MUT2 in gyrA
gene
deletion wt2 and mu- 3 sensitive to Lfx, Mfx
tation MUTT1 in gyrA
gene
deletion wt3 in gyrA 1 sensitive to Lfx
gene
deletion wt3 in gyrA 1 sensitive to Lfx, Mfx
gene
deletion wt3 and mu- 1 sensitive to Lfx
tation MUT3C in gyrA
gene
deletion wt3 and mu- 1 sensitive to Lfx, Mfx
tation MUT3C in gyrA
gene
deletion wt3 and mu- 1 sensitive to Lfx, Mfx
tation MUT3A in gyrA
gene
Km sensitive - 3 resistant
resistant deletion wt2 in eis gene 1 sensitive
Cm sensitive - 3 resistant
resistant mutation MUT1 in rrs 1 sensitive
gene

inhibitory concentration, therefore mutations in the
GyrA gene can provide resistance to these fluoro-
quinolones only in low concentrations, whereas in
the standard dosage their antimicrobial activity will
be maintained.

Conclusions. Hain MTBDR is a fast, highly
sensitive, highly specific and relatively economical
method for diagnosing drug resistance of M. tubercu-
losis. A small percentage of differences between the
results of molecular genetic and phenotypic (cultural)

research methods can be explained by the fact that
Hain MTBDR does not detect rare mutations that de-
termine resistance to anti-tuberculosis drugs, as well
as the fact that mutations in the gyrA gene with the
introduction of a new generation of fluoroquinolones
detect resistance to low concentrations of drugs only.
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