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Mikobakterilerin Siniflandirmasi

Tuberklloz

Lepra

M.tuberculosis kompleks (MTK)

e M.tuberculosis

e M.bovis (M.bovis BCG)
e M.caprae

e M.pinnipedii

e M.canettii

e M.microti

e M.africanum

M.leprae

TDM enfeksiyonlari

TDM

eFotokromojen

e M.kansasii, M.marinum
eSkotokromojen

e M.scrofulaceum
eNonfotokromojen

eM.avium, M.intracellulare
eHizl Greyen

e M.abscessus, M.fortuitum

e M.chelonae, M.peregrinum




* Mikobakteri tirleri farkh virulans ve antibiyotik duyarhlik
profili gosterdiklerinden,

* M. tuberculosis kompleks ve TDM icerisinde yer alan turlerin
dogru ve hizli tanimlanmasi uygun tedavi protokollerinin
secilmesi acisindan cok 6nemlidir.

* Son yillarda klinik 6rneklerden siklikla izole edilmeye
baslamalarindan dolayi TDM turlerinin identifikasyonu daha da
onemli hale geldi.

* Ulusal Tuberkuloz Laboratuvari verilerine gore 2 yillik sirede
(2009-2010) 206 hastada Mycobacteria uretilmis,

TDM: % 11.7
Albayrak N ve ark. Mikrobiyol Bul. 2012 Oct;46(4):560-7.




[dentifikasyon yontemleri

* Fenotipik testler
Niyasin akimiulasyonu,
Nitrat reduksiyonu,
Koloni morfolojisi,
Pigmentasyon,

Thiophen-2-carboxylic acid hydrozyde” (TCH) ve pirazinamide
duyarlilik.

NAP (p-nitro-a-asetilamino-B-hidroksipropiofenon)
* Molekiiler testler

Nukleik asit temelli

Protein veya diger makro-molekul temelli




BIYOKIMYASAL YONTEMLER

ZAMAN ALICI
Biyokimyasal testler 2-6 hafta almakta
ZAHMETLI

YORUMLAMASI GUC
TCH Testi
Klasik M. tuberculosis izolatlari:  TCH’a DIRENCLI
M. tuberculosis Asya suslari: TCH’a duyarl

M. bovis veMTBK’in diger tyeleri: TCH’a DUYARLI

PZA Testi
M. tuberculosis suslari pirazinamide duyarli
CiD olan izolatlarinda pirazinamide diren¢ gézlenmekle birlikte,
M. bovis ve M. bovis BCG’de pirazinamide DIRENCLI.

J Clin Microbiol. 2002;40(7):2339-45§

MIKOBAKTERILERIN TUMU TANIMLANAMAZ

Kullanilan bircok yontem yeni turleri tespit edemez.


http://www.ncbi.nlm.nih.gov/pubmed?term=J Clin Microbiol. 2002; 40(7): 2339%E2%80%932345
http://www.ncbi.nlm.nih.gov/pubmed?term=J Clin Microbiol. 2002; 40(7): 2339%E2%80%932345
http://www.ncbi.nlm.nih.gov/pubmed?term=J Clin Microbiol. 2002; 40(7): 2339%E2%80%932345
http://www.ncbi.nlm.nih.gov/pubmed?term=J Clin Microbiol. 2002; 40(7): 2339%E2%80%932345
http://www.ncbi.nlm.nih.gov/pubmed?term=J Clin Microbiol. 2002; 40(7): 2339%E2%80%932345

Niikleik asit Temelli molekiiler testler

* Prob hibridizasyon testleri,
* Sekans analizleri

* Polimeraz zincir reaksiyonu (PZR)-RFLP ¢alismalari
Avantajlari

Dizi analizi 1-2 gtin almaktadir.

16S rRNA dizileme yéntemiyle tanimlamanin maliyeti
biyokimyasal testlerden daha duisuk.

- Biyokimyasal testler | 16SrRNA dizileme

Yavas/aktif 55.89 (S) 35.45 (S)
Yavas/inert 128.19(S) 35.45(S)
Hizh Greyenler 95.76(S) 35.45(S)

Cook et al. J Clin Microbiol 2003;41(3):1010-15.



Prob hibridizasyon testleri

Ik ticari molekiiler test olan AccuProbe (Gen- Probe Inc.)
rRNA ile hibridizasyona giren tur spesifik DNA problari kullaniimakta
Kulturde Uretilmis mikobakterilerin identifikasyonu amaciyla tasarlanmist

MYCOBACTERIUM TUBERCULOSIS COMPLEX TEST

M.tuberculosis kompleksi diger mikobakterilerden ayirmak icin
tasarlanmistir

Fenotipik yontemlere gore duyarhligi %99 , 6zgulligu %99.9
TBC icerisinde yer alan turlerin ayrimini yapamamaktadir.

MYCOBACTERIUM AVIUM TEST
M. avium ile M. intracellulare arasindaki ayrimi yapabilmekte

Fenotipik yontemler bu ayrimda yetersiz
HPLC ile karsilastirildiginda 6zgullik %97-100, Duyarhlik %100

http://www.gen-probe.com/pdfs/pi/102896R




Prob hibridizasyon testleri-2

* INNO-LiPA MYCOBACTERIA v2,/Line Probe Assay
(InnoGenetics)

Rereverse hibridizasyon sistemidir.

Turler arasindaki “16S5-23S rRNA sapcer” bolgesindeki
nukleotid dizilim farklihgina bakilmaktadir.

Kati veya sivi kilttirden calisilabilmektedir.

identifikasyonu yapilabilen tiirler

M. tuberculosis kompleks ve 16 ilave tiir ve/veya kompleks

Onemli dezavantaji TBC kompleks ve diger komplekslerin
icerisindeki Uyelerin ayriminda yetersiz kalmaktadir.




Chromogen
(NBT/BCIP)

M

Purple
precipitate
A

Alkaline Phosphatase
Streptavidin
Biotin

Nitrocellulose strip

marker line

Conjugate control -
MYC genus -
MTB complex -
MKA-1 -
MKA-2 -
MKA-3 -
MXE -

MGO -

MGV - 9

MSI - 10

MMU - 11

MCE - 12

MAIS - 13

MAV - 14
MIN-1 - 15
MIN-2 - 16
MSC - 17

MML - 18

MHP - 19
MCH-1 - 20
MCH-2 -21
MCH-3 - 22
MFO - 23

MSM - 24

0O =~ O N & W R

Conjugate control
Mycobacterium genus
MTB complex

M. kansasii 1

M. kansasii 1T

M. kansasii IIL, IV, V
M. xenopi

M. gordonae

M. genavense

M. simiae

M. marinum + M. ulcerans
M. celatum

MAIS complex

avium

. intracellulare 1
intracellulare 2
scrofulaceum

. malmoense

. haemophilum

. chelonae 1, 11, 111, IV
. chelonae 111

. chelonae 1

M. fortuitum complex
M. smegmatis

=x=z==z==2=x=




Prob hibridizasyon testleri-3

* Geno-Type MTBC/GenoType Mycobacterium CM/AS sistemleridir (Hain Lifesince)

GenoType MTBC sisteminde.......MTBC Uyelerinin ayrimi,

M. tuberculosis kompleks Gyelerinin ayrimini yapabilmek icin 23S rRNA gen bdlgesini
hedef almaktadir.

M bovis BCG'nin identifikasyonu icin RD1 (regions of difference, RD) delesyonunu
kullanmaktadir.

Conjugate Control
Universal Control
MTBC

Specific gene probes for
the differentiation of the
Mycobacterium tuberculosis
complex

GenoType Mycobacterium CM/AS sistemlerinde....MTBC kompleksi yaninda >30
NTB tirdnin ayrimi yapilabilmektedir.

Tortoli EJ, et al. Clin Microbiol. 2010; 48(1): 307-10.
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Tortoli E[auth]
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Identification of nontuberculous mycobacteria in clinical
samples using molecular methods: a 3-year study. Clin
Microbiol Infect. 2010 Aug;16(8):1161-4. doi

Portekiz’deki 12 farkli hastaneden 3 yil sireyle izole edilmis
toplam 1181 Mycobacterim izolati Lizbon’daki bir merkezde
molekiler yontemlerle identifiye edilmis:

M. tuberculosis kompleks tanimlamasi: “Accuprobe system”

TDM tanimlamasi: GenoType Mycobacterium (CM/AS)

izolatlarin
1032 (87.4%)’si MTBK
149 (% 12.6) TDM

GenoType Mycobacterium (CM/AS) yontemiyle TDM’lerin %96.6’sI
tanimlanabilmis.




Prob Hibridizasyon yontemi-4
GENOGUICK MTB (Hain Lifesince)

Klinik 6rneklerden M. tuberculosis kompleks tespitine yonelik olarak
gelistirilmis hizh bir LiPA testi

Test Principle and Duration of GenoQuick” MTB ‘
This means:
n m u ki
DNA extraction PCR Detection Valid results
(30 minutes) (approx. 2 hours) (10 minutes) on the same day!

Reaction zones of the GenoQuick® MTB

Conjugate Control
Amplification Control

- [ MTB




Use of a new qualitative molecular dipstick assay for the rapid
detection of Mycobacterium tuberculosis in smear-positive and
smear-negative clinical specimens (The Genoquick® MTB (Hain
Lifescience, Nehren, Germany)

D. Papaventsis*, P. loannidis, S. Karabela, |I. Marinou, E. Konstantinidou, A. Skouroglou, M. Panagi, E.D. Vogiatzakis (Athens,
GR) 22nd European Congress of Clinical Microbiology and Infectious Diseases
(ECCMID) 31.03.2012 - 03.04.2012

Test edilen ornek sayisi: 60; 48 balgam

Mikroskopi _ . : :
- Mikroskopi + | Mikroskopi -
* Pozitif: 32
> Negatif: 27
Sonuc: Duyarlhlik 91 91
Ozgulliik 70 69
PPD 87.5 66.7

NPD 77.8 91.7




Baz dizi analiz calismalan
16S rRNA, |’@'M

16S-23S internal transcribed spacer (ITS) AGoUErobe

hsp65, . HAIN
|\\omtna

° rpoB
pow, Amplicor  INNO-LIPA GenoType
* Hizli ve glivenilir sonuclar vermektedirler MYCOBACTERIA  mykobakterien
Ngan GJY, et al. Lett Appl Microbiol 2011;52:546-54 A%BA ﬁetd
iosystems
MicroSeq
16S ITS 23S 5S

l

Ribozomal RNA operonu




DNA BAZ Dizi ANALIZ ZAMAN CIZELGESI

Day 1 Day 2 Day 3

8:00 AM 8:30AM  11:15AM 12:00 PM 2:30 PM 3:00PM  3:00PM 10:00 AM

PCR Cycle Shipvia Data

Amplicon Seqienciig Sequencing 0 PlaceOn ADAlySIE

Purification Purification Sequence -
Analyzer

and
-

Cell Lysis

— —
. Product .

Determination




16S rDNA Dizileme

* 16S rDNA gen bolgesi tum bakteri cinsleri ve turleri
arasinda korunmustur.

* Genel olarak 16S rDNA geninin 1500- 5500 baz ciftlik (asir
degisken) bolgesi tanimlamada kullantlir.

* 16S rDNA analizi bakteri tanimlanmasinda altin standart
olarak kabul edilmektedir.

* Yiiksek diizeyde benzer tiirleri ayirmada yetersiz
M tuberculosis kompleks icerisinde yer alan turleri ayirt etmede yetersiz.
Slany M, Pavlik I. J Mol Microbiol Biotechnol. 2012;22(4):268-76.
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Nukleik asit dizilemenin
sinirlamalari

%100 benzerlik gbsteren tirleri ayirt edemiyor

M. bovis, M. microti, M. tuberculosis ve M. africanum

M. chelonae ve M. abscessus

M. genavensae ve M. simiae

M. kansasii ve M. gastri

M. peregrinum ve M. septicum

M. fortuitum ve M. farcinogenes ve M. porcinum

M. murale ve M. tokaiense




[OTCOTSTA T

ORI O T

ORI O T

Comparison of mycobacterial identification by conventional methods and nucleic acid sequencing
Organism(s) identified by phenotypic No. of Result obtained when organisms were identified to species level or group or complex level by using <1% match score and
methods isolates MicroSeq 500 database
% Concordant Distance score range Sequencing-based identification (no. of isolates)
results® (%)
M. abscessus® 1 100 0.0 M. chelonae-M. abscessus (1)
M. avium-M. intracellulare complex 6 66.7 0-0.97 M. avium (1), M. malmoense (1), M. paratuberculosis (3), M. simige-M. genavense (1)
M. avium-M. intracellulare- M. scrofulaceum 11 54.5 0-0.79 M. scrofulaceum (6), M. gilvum (1), M. intermedium (1), M. kansasii-M. gastri (1), M.
complex novocasirense (2)
M. alvei 1 100 0.2 M. alvei (1)
M. asiaticum 11 100 0-0.78 M. asiaticum (11)
M. aurum 7 83.7 0-0.2 M. necaurum (6), M. obuense (1)
M. celatum 3 66.6 0.19 M. celatum (2), M. simiae-M. genavense (1)
M. chelonae 7 83.7 0-0.60 M. chelonae-M. abscessus (6), M. porcinum (1)
M. chelonae-M. abscessus 18 100 o0-0.6 M. chelonae-M. abscessus (18)
M. flavescens i 100 0.38 M. novocastrense (1)
M. fortuitum-M. peregrinum 8 100 0-0.2 M. farcinogenes (3), M. septicum-M. peregrinum (3), M. porcinum (2)
M. fortuitum 10 8o.0 0-0.6 M. fortuitum-M. fortuitum subsp., M. acetamidolyticum (6), M. peregrinum (2), M.
mageritense (1), M. alvei (1)
M. gastri 1 100 0 M. kansasii-M. gastri (1)
M. gordonae 3 100 0-0.78 M. gordonae (3)
M. haemophilum 8 100 0-0.58 M. haemophilum (8)
M. hassigcum i 100 o M. hassicum (1)
M. inferjectum 7 57.1 0-0.80 M. interjfectumn (4), M. simige-M. genavense (3) J CI | ] M |C ro b | (0] | .
M. infermedium 1 100 0.20 M. intermedium (1) 2003 Apl’ll, 41(4)
M. kansasii 6 100 0-0.39 M. kansasii-M. gastri (6)
M. mageritense 3 100 0-0.20 M. mageritense (5) 1447_145 3 .
M. malmoense 3 80 0 M. malmoense (4) M. novocastrense (1)
M. marinum 7 100 [u} M. marinum (7)
M. mucogenicum 18 100 0-0.97 M. mucogenicum (18)
M. nonchromogenicum 9 100 0.97 M. nonchromogenicum (g)
M. obuense i 100 o M. obuense (1)
M. peregrinum 2 100 0 M. peregrinum-M. septicum (1), M. farcinogenes (1)
M. porcinum i 100 0 M. porcinum (1)
M. scrofulaceum 11 42.8 0.30-0.50 M. scrofulaceum (4), M. pulveris (1), M. neoaurum (1), M. gilvum (1), M. novocastrense (4)
M. simiae 15 100 o.0-0.80 M. simiae-M. genavense (14)
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PCR-RFLP

e DNA eldesi

* rDNA
* Hspb65

* rpoB
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PCR-RFLP

> Restriksiyon

* Enzimin spesifik dizilerden kesim yapabilmesi icin PCR Urlnleri restriksiyon enzim

karistirilarak 37 C’de bir stire (2-12 saat) enklibe edilir

O 100 200 300 400 500



PCR-RFLP

500
400

300

200

100

SM* Bakteri 1 Bakteri 2

Bakteri 3

Bakteri 4

L 1 [ ]

[ 1]
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http://app.chuv.ch/prasite/index.html




PCR-RFLP

hsp65
439 bc’lik parca Nrul ve BamHI ile kesilir

M.tuberculosis kompleks’in TDM’lerden ayrimini
saglar.

310 MTBK susunu %95 dogrulukla tanimlamis.

Varma-Basil M, et al.J Clin Microbiol. 2013 Jan 30. [Epub ahead of print]

rpoB

360 b¢’lik parca Haelll ve Mspl ile kesilir

M.tuberculosis kompleks’in tamami,

hizl Greyenlerin %96’sI

yavas ureyenlerin %53’l dogru tanimlanmis
16S rDNA

475 bc’lik parca Hae Il ve Cfol ile kesilir

M.tuberculosis kompleks’in tamami

22 TDM tlrldndn 19’u tanimlanmis

1234567
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From:- BMC Microbiol 2008; & 48
Published online 2008 PMarch 20. doi- 10_1136/1471-2180-3-48

Copyrightl icense Request permission to reuse
Table 1
Species identification of 321 isclates which had concordant results by both phenotypic and PRA-hsp65 methods.
Phenotypic identification PRA-hsp 551’ N (%)
M. avium complex (146)2 M. auium 1 107 (32.5)
M. auium 2 24 (7.5)
M. auium 2 i (0.3}
M. infracellulare 1 13 (4.1)
M. infracellulare 4 1(0.3)
M. kansasii (935) M. kansasii 1 a5 {29.7)
M. gordonae (30) M. gordonae 1 2 (0.58)
M. gordonae 3 19 (6.0)
M. gordonae 4 =2 (0.6)
M. gordonae 5 1 (0.3}
M. gordonae 7 3 (0.g)
M. gordonae 8 3 (o0.9)
M. fortuitum complex {24) M. fortuitum 1 21 (6.8)
M. peregrinum 2 1(0.3)
M. peregrinum 3 2 [(0.6)
M. chelonae complex (21) M. chelonae 1 5 (1.6
M. abscessus 1 14 (4.4)
M. abscessus 2 2 [(0.8)
M. marinum (2) M. marinum 1 2 [(0.8)
M. terrae complex (2) M. ferrae 1 1(0.3)
M. nonchromogenicum 2 1 (0.3)
M. szulgai (1) M. szulgai 1 1{0.3)

a Wumber of isolates.



From: BMC Microbicl. 2008; 8 48.
Published online 2008 March 20. doi- 10.1186/1471-2180-3-48

CopyrightiLicense » Request permission to reuse

= T1able 6
o
= Summary of concordance among species identification results obtained by PRA-hsp65, phenotypic evaluation and sequence analysis of the hsp63 gene.
=
5
= hspbs sequence N PRA-hsp6s Phenotypic identification
Concordant New Pattern Discordant Concordant Ambiguous Discordant

Nof done? 321 321 - - 321 - -

Dane u3 7 30 12 17 63 3

Total 434 392(00.3%) 30(6.9%)  12(28%) 338(77.9%) 6304.5%) 33(7.6%)

? [solates for which species identification by PRA-hsp65 and phenotypic/biochemical evaluation were concordant were not sequenced. Based on prior reports by the authors and
others, sequencing hsp65 in such isolates almost invariably confirms the species identification of the other methods,




Multipleks Gercek Zamanli PZR

* Multipleks gercek zamanli polimeraz zincir reaksiyon ve
takiben uygulanan erime sicakligi (melting curve) analiziyle 23
mikobakteri turinin ayrimi basariyla yapilabilmistir.

* Yontem, referans suslar (77) ve klinik izolatlar (369)izerinde
denenmis;

* M. tuberculosis kompleks suslarinin tanimlanmasinda %100

* TDM tanimlanmasinda ise %94 oraninda basarili bulunmustur.
* KimJU, etal.J Clin Microbiol. 2012;50(2):483-7.



http://www.ncbi.nlm.nih.gov/pubmed?term=Kim JU[Author]&cauthor=true&cauthor_uid=22162553
http://www.ncbi.nlm.nih.gov/pubmed?term=J Clin Microbiol. 2012; 50(2): 483%E2%80%93487.
http://www.ncbi.nlm.nih.gov/pubmed?term=J Clin Microbiol. 2012; 50(2): 483%E2%80%93487.
http://www.ncbi.nlm.nih.gov/pubmed?term=J Clin Microbiol. 2012; 50(2): 483%E2%80%93487.
http://www.ncbi.nlm.nih.gov/pubmed?term=J Clin Microbiol. 2012; 50(2): 483%E2%80%93487.
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Multiplex real-time PCR primers for the identification of myveobacteria J Clin Microbiol. 2012;50(2):483-7

Primer mixture2 Primer target Target g-ute.:lzlssg Sequence(s'—23") e

I M. gastri ITS GEGECTTIGTCTTGZACTCGET 75.13 = 0,11
TGETGHEACAACACTCTTG G
M. xenopi ITS GTTGEGCAGCAGGCACGTA S80.07 + 0.43
GTTGCCTCAAAACCCAACAG
M. fortuifum ITS CCCGAGCCGTGAGGAAC B1.65 £ 0.26
CAATACGTETGETCTZECAGTCAAAN
MTC ISGE110 CEAACTCAAGGAGCACATCAG B4.47 + 0.41
CAGGGTTAGCCACACTTTGC
NTM 168 rTENA ATGTYTTETGGEGSAAAGCTTT BB.14 £ 0.31
GTAGGAGTCTGGGCCGTA
II AL, abscessus ITS ATCGAACTAGGGAACATAAACGTATGECA 72.72 £ 0.74

AGCGATTTACAAAACATATTCACCAAGT

Q1GR3 Ul T

|uor

AL, intracellulare 165 rENA GETCTAATACCOGATAGCGACCTITAG 75.38 x 0.31
GCAAAAGCTTTCCACCAAA

M. szulgai ITS GETCCTGAGFCAACACTCA S8o.00 + 0.42
CCAACGATGETGEGGEACAACAG

M. terrae ITS GATTCCCCCGTACCTCACAT Bz.00 x 0.33
ACCACCCACCACCCACTAC

ITI AL auium 165 rENA GEGETCTAATACCGGATAGGACCT 73.55 + 0.34

CECAAAAGCTTTCCACCAGA

M. chelonae ITS TGTCCACCCCGTIZGATA 79.40 + 0.25
GTGCCAGCGTTICAATTCTA

M. kansasii/M. gastri 165 rENA CEGEAAAGGTCTCTTCGGAGAC Bi.42 + o.20
TTTCCCAGGCTTATCCTGGET

M. gordonae ITS TGCAAGCCTTGAGTGGTCA Ba4.04 x 0.33

GG EACAGCACCAGCAGS
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HPLC

* Hucre duvari mikololik asitleri bromofenacil esterlerine cevrilir ve kromatografik
yontemle incelenir.
* Elde edilen kromatografik paternler veri tabaninda HPLC kitliphanesinde bulunan

paternlerle gorsel olarak karsilastirilir

5.0 5 10,0




MALDI-TOF MS (Matrix Assisted Laser Desorption/
lonization Time-Of-Flight Mass Spectrometry)

Matriks Yardimli Lazer iyonizasyon Kiitle Spektrometre

MALDI biyomolekillerin (protein, peptit vb) analizine izin

veren bir iyonizasyon teknigidir

Kitle Spektrometre (MS) yukli partiktllerin kutle yik oranini

Olcen analitik bir tekniktir
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Rapid identification and classification of Mycobacterium spp. using whole-cell protein barcodes
with matrix assisted laser desorption ionization time of flight mass spectrometry in comparison
with multigene phylogenetic analysis.

Wang J, Chen WEF, Li QX.
Source

Department of Molecular Biosciences and Bioengineering, University of Hawaii at Manoa, Honolulu
HI 96822, USA.

Abstract

.....The genus Mycobacterium contains more than 154 species that are taxonomically very close and
require use of multiple genes including 16S rDNA for phylogenetic identification and classification.

Six strains of five Mycobacterium species were selected as model bacteria in the
present study because of their 16S rDNA similarity (98.4-99.8%) and the high
similarity of the concatenated 16S rDNA, rpoB and hsp65 gene sequences (95.9-
99.9%), requiring high identification resolution. The classification of the six strains by
MALDI TOF MS protein barcodes was consistent with, but at much higher resolution than, that of th

multi-locus sequence analysis of using 16S rDNA, rpoB and hsp65. The species were well
differentiated using MALDI TOF MS and MALDI BioTyper™ software

after quick preparation of whole-cell proteins. several proteins were selected
diagnostic markers for species confirmation. An integration of MALDI TOF MS, MALDI BioTyper™
software and diagnostic protein fragments provides a robust phenotypic approach for bacterial
identification and classification.
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