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TUBERCULOSIS In THE
REPUBLIC OF BELARUS

e Belarus is one of the 18 priority countries
for TB control and one of the 25 MDR and
XDR-TB countries in the Europe.

e |n 2007, the total number of MDR-TB
cases was 707 of MDR-TB and 68 of
XDR-TB patients were under treatment.

* Prevalence of TB is 49 per 100 000.



Molecular Basis of Drug
Resistance in M. Tuberculosis

Several genes M. tuberculosis associated with drug
resistance:

rpoB — to rifampicin,

katG, InhA, oxyR, ahpC, kasA — to izoniazid,
rpsL — to streptomyecin,

gyrA — to fluoroquinolones,

pPNCcA — to pyrazinamide,

embB — to ethambutol.

Risk development of resistance makes up:
3.32x10 per cell division for rifampicin;
2.56x108 for izoniazid;

2.29x108 for streptomycin;

1.0x10 for ethambutol.

Less 10-1>- development of resistance to 2 drugs



PCR method and DNA
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Sequencing results and sequencing gel appearance



RNA polymerase catalyse synthesis of 3
types molecules - mMRNA, rRNA, tRNA and
consist of 4 subunits: a2, = B
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E.coli rpoB gene structure

Rif — sites responsible for resistance
White - non important sites;

Grey - conservative sites;

Second domen of rifampicine resistance site ( ) of 35 MDR isolates



RIFAMPICINE MOLECULE AT POCKET OF THE RNA

POLYMERASE g- SUBUNIT

Blue - surface of subunit

Yellow and green — sites responsible for rifampicine resistance
Rose — aminoacids, resistant to mutations



LOCATION, TYPE AND FREQUENCY OF
MUTATION rpoB in 44 isolates of
M. tuberculosis

Belarus




MUTATION FREQUENCY of rpoB gene
M. tuberculosis isolated from TB patients

Amount
mutations

Regions

Isolates

Changes
amount

Isolates number

1 mutation

Minsk 11.36%
Vitebsk 9.09%
Mogilev 2.27%
Brest 2.27%
Grodno 0%
Minsk obl  2.27%

12

6

74, 932, 455, 384,
414, 118, 367, 388,
446, 369, 23623, 407

2 Mutations

Minsk  9.09%
Vitebsk 2.27%
Mogilev 15.90%
Brest 11.36%
Grodno 4.54%
Gomel 2.27%
Minsk obl 2.27%

21

11

443, 507, 489, 2262,
414, 411, 440, 548,
7285, 1416, 238, 447
2331, 1217, 2715,
370, 139
408, 469, 24276, 442

3 Mutations

Minsk  4.54%
Vitebsk 6.81%
Mogilev 0%
Brest 4.54%
Grodno 0%
Gomel 0%
Minsk obl 2.27%

412, 402, 94, 85, 894,
453, 3255, 3246

4 Mutations

Minsk 2.27%
Minsk obl 4.54%

571,471, 368




#E. _coli_str._kKl2_substr._mMGl655_K-12

#M. _tuberculosis_Belarus-469_maqgilev_rpoB
#M. _tuberculosis_MDR-Belarus-3255_8res
#M._tuberculosis_MDR-Belarus-nl2l7_Bre
#. _tuberculosis_Belarus-24276_rpoB

#M. _tuberculosis_MDR-Belarus-2262_8Bres
#M. _tuberculosis_MDR-Belarus-1416_8Bres
#M. _tuberculosis_MDR-Belarus-489_viteb
#M. _tuberculosis_MDR-932_rpoB

#. _tuberculosis_Belarus-894_vitebsk_rpoB
#M. _tuberculosis_MDR-Belarus-507_magil
#M. _tuberculosis_MDR-Belarus-442_mMaqgil
#M,. _tuberculosis_MDR-Belarus-453_rpoB
#M. _tuberculosis_MDR_rpoB

#M. _tuberculosis_MDR-Belarus-1414_rpoB
#M. _tuberculosis_MDR-Belarus_rpoB

#M. _tuberculosis_MDR-85-vitebsk_rpoB
#M. _tuberculosis_Belarus-455_mMinsk_rpoB
#. _tuberculosis_Belarus-139_rpoB

#M. _tuberculosis_MDR-Belarus—_rpobe

#M. _tuberculosis_Belarus-7285_rpoB

#M. _tuberculosis_MDR-Belarus-94_rpoB
#M._tuberculosis_MDR-Belarus-408_rpoB
#M. _tuberculosis_MDR-Belarus-414_rpoB
#M._tuberculosis_MDR-Belarus—-407_rpoB
#M. _tuberculosis_MDR-Belarus-2548_M_rpoB
#M. _tuberculosis_MDR-443-Minsk_rpoB

#. _tuberculosis_MDR-Belarus-468_rpoB
#M. _tuberculosis_MDR-Belarus-402_rpoBE
#M. _tuberculosis_MDR-Belarus-388_rpoB
#M. _tuberculosis_MDR-Belarus-412_rpoB
#M. _tuberculosis_MDR-Belarus-443_mMinsk
#M. _tuberculosis_MDR-Belarus-369_mMinsk
#M. _tuberculosis_MDR-Belarus-384-minsk
#M. _tuberculosis_MDR-Belarus-571_rpoB
#M. _tuberculosis_Belarus-414_minsk_rpoB
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506 — 1 - no resistance formation

507 — 4 - Indirect interaction with rifampicine
510 — 15 — direct interaction with rifampicine
512 — 3 - Indirect interaction with rifampicine
516 — 2 - direct interaction with rifampicine
523 — 11 — no resistance formation

526 — 19 — direct interaction with rifampicine
529 — 3 - no resistance formation

531 — 8 - direct interaction with rifampicine
532 — 20 — no resistance formation

533 — 19 — direct interaction with rifampicine
534 — 1 - no resistance formation



Positions

510 -15-14,10%
523 -11-10,34%
526 — 19 - 17,86%
531—- 8- 7,52 %
532 — 20 - 18,80%
533 -19-17,86%

86,5% of all significant for resistance
formation mutations located at these sites



EVOLUTIONARY ANALYSIS OF rpoB gene
SEQUENCES of 44 ISOLATES of MT

0
SUB A2 ( France,ltaly,USA,Taiwan,China,India,CDC15 51)- 9 nert

369 Minsk_ 1 Mutation
368 Minsk_ 4 Mutations
10 94 Vitebsk_ 3 Mutations GROUP A (10 ner)
489 Vitebsk 2 Mutations
2331 Gomel_ 2 Mutations
No1 Minsk_ 1 Mutation camble Monoasble - 1-3 roga
i 447 Magilov_ 2 Mutations

SUB Al(China,Taiwan,India+ 4 Isolates of Belarus-8 net

b4 7
50 Brest(13 ner)
39
Magilov(9 nerT)
21
Brest(9 neT)

21 1414Minsk rig_ 1 Mutation ] 12 ner
85 Vitebsk_ 2 Mutations 12 ner
GROUP B(16 ner)
Y 469 Magilov_ 2 Mutations ] 17 ner

Minsk(12 neT)
42

408 Magilov_ Non Mutatio |44 roga

0.0004  0.0003  0.0002 0.0001  0.0000

0.03 0.02 0.01 0.00




PHYLOGENETIC ANALYSIS SEQUENCES OF rpoB gene
M. tuberculosis USING UPGMA METHOD

GROUP A

GROUPB

‘ GROUPB \
408 Maglov

0.00040 0.00035 0.00030 0.00025 0.00020 0.00015 0.00010 0.00005 0.00000
1 | |

| | /B | N | |

| T T | =] | 1
0.030 0.025 0.020 0.015 0.010 0.005 0.000



REGIONAL (GEOGRAFIC) ASSOCIATION OF
rpOB GENETIC GROUPS OF MT IN BELARUS
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I'pynn 1
/ wai{s,jycmaﬂ)

I'pynn 2

katG463 CGG (Arg)

grA95 ACC (Thr)

rA95 ACC (Thr)
katG463 CTG (Leu) M. tuberculosis
grA95 ACC (Thr) (Beijing)
ancestor \
M. bovis
katG463 CTG (Len)
grA95 ACC (Thr)

M. tuberculosis

I'pynn 3
katG463 CGG (Arg)
gyrA95 AGC (Ser)

M. tuberculosis
(H37Rv)

EVOLUTIONARY SCENARIA OF MICROORGANISMS
M. tuberculosis complex and PRINCIPLE GENETIC GROUPS
DETERMINATION BY SEQUENCING AND RFLP METODS
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Sequencing of amplicorKatG resistant and sensitive to isoniazide
Isolates detected 100% correspondence to those point tations which
were found by PCR-RFLP method 2
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MOLECULAR-GENETIC STRUCTURE OF CLINICAL ISOLATES M. tuberculosis USING
CLASSIFICATION OF PRINCIPLE GENETIC GROUPS

. GENETIC GROUPS
ISOLATES Description
1 2 3
Standard H37Rv , Academica 0% 0% 2(100 %)
Sensitive n=9 3 (133.3%) 4 (44.4%) 2 (22.2%)
Minsk 1,2 (n=12) 9 (75 %) 2(16.6%) 1(8.3 %)
Minsk obl (n=18) 10(55.5 %) 5 (27.7 %) 3 (16.6 %)
Brest (n=4) 1(25%) 2(50%) 1(25%)
Grodno obl.(n=10) 5(50%) 3 (30%) 2(20%)
(21254) Vitebsk (n=7) 4 (57.1%) 2(28.5%) 1(14.3%)
Vitebsk obl n= 11) 4 (36.3%) 4 (36.3%) 3(27.8%)
Mogilev (n=9) 8 (88.9%) 1(11.1%) 0%
Gomel (n=11) 6 (54.5%) 3 (22.3%) 2 (18.2%)
Prisons (n=22) 10 (45,5%) 8 (36%) 4 (18%)
XDR n=31 15 (50%) 12 (40%) 4 (13%)
MDR- from Iran n=5 2 (40%) 2(40%) 1(20%)
Total 152 77 60.6%) 4831.6%) 27(17.8%)
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ml"ﬁ: Alignment Explorer {C:',Documents and Settings',M.Setareh’,Desktop’,maghale TITO¥ whiB7',GENE ESLAH SH -7 |ﬁ|

Data Edt Search Alignment Web Sequencer Display  Help

D @S SR Wl [AARE BB X % BE[ |

[MA Sequences  Translated Protein Sequences |

whib7 LlvLlER | o LALLL AVAE
Sens 264 1 il [ i E ] HEEE fovas
Sens 253 Bovas
Sens 282 AVAfE
Sens 238 fovas
MDR U411 LvLE
MDE W71 Bavar
MDR U500 LvLE
HDR, 11150 Bovas
DR 83 AVAR
MDR7115 Bovas
DR 72 AVAfE
XDR 194x AVAR
¥DR 7211x Bovas
XDR 12X Bovas
XDR 111x AVAR
XDR 1241x LvLE
DR 117x Bovas
XDR 146x AVAR
DR 115% Bovas
XDE 5% AVAR
¥DR 124x Bovas
XDR 3369x AVAfE
XDR 99x AVAR
¥DR 1207x | [ X

--//-- C--//--CvsCPIRRQC--//--GVWGG--//[KRPRGRP RK pava*

STRUCTURE of WhiB7 — protein in CLINICAL ISOLATES M. tuberculosis
We can see four cistein at conservativél T H- fragment which has terminal sequence G-
(V)-W-G-G u C-terminal “AT-Hook”. 19



Comparative results of PCR for some genetic marker§poB,
whiB7) used with the aim detection oMycobacterium tuberculosis

MU3omxddrTH whiB7

Clinical isolates (n=33)

Susceptible (6) +

MDR (12)

+

XDR (15) +

Standard non tuberculosis isolates

M. avium ATCC 1603

M. intracellular

M. fortuitum ATCC 342

M. terrae ATCC 15755
M. phlei

M. kansasii

Non pathogenic isolates

K Ch- IV rpynna
BZ/NC- IV rpynna

4 med - lll rpynna

SIV Il rpynna

B-ZO - Il rpynna
VZK - IV rpynna

SPK- Il rpynna

Control groups

ZoP- Candida rubrum- as Control

Mk - Candida rubrum- as Control

M. bovis




Dendritic cells-based immunotherapy of chronic infecti ons and cancer

6-7 day culture in medium
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Peripheral blood — Mono?y_/te isolation e with GM-CSF and IL4
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Inductionof _ DC priming (loading) with /
maturation antigens \
l Immature DC
Mature DC gt(;rr]\tcgglrt?:aciion ——>  Intracutaneous or
subcutaneous
injections

l

Estimation of efficacy
of treatment
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