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/Ŝƭŀƭ .ŀȅŀǊ «ƴƛǾŜǊǎƛǘŜǎƛ ¢ƤǇ CŀƪǸƭǘŜǎƛ  

¢Ƥōōƛ aƛƪǊƻōƛȅƻƭƻƧƛ !5  
a!bT{! 



{ǳƴǳƳ tƭŀƴƤ 

Å¢ǸōŜǊƪǸƭƻȊŘŀ ƛƭŀœ ŘƛǊŜƴŎƛ ƛƭƎƛƭƛ ǘŀƴƤƳƭŀǊ 

ÅTƭŀœ ŘƛǊŜƴŎƛ ǘŀƴƤǎƤƴƤƴ ǀƴŜƳƛ 

ÅTƪƛƴŎƛ ǎƤǊŀ ƛƭŀœ ŘƛǊŜƴŎƛ ǘŀƴƤǎƤƴƤƴ ŜƴŘƛƪŀǎȅƻƴƭŀǊƤ 

ÅaƻƭŜƪǸƭŜǊ ȅǀƴǘŜƳƭŜǊ 
ï4ŜǒƛǘƭŜǊƛ 
ï!ǾŀƴǘŀƧ ǾŜ ŘŜȊŀǾŀƴǘŀƧƭŀǊƤ 
ïǀƴŜǊƛƭŜǊ 

 



Å4ok ilaca ŘƛǊŜƴœ (4T5): (Multidrug-resistant, MDR) 

ïen az INH + RIF  

 

ÅYŀȅƎƤƴ ilaca ŘƛǊŜƴœ (¸T5): (Extensively drug-resistant, XDR) 

ïINH + RIF + florokinolon + kanamisin/amikasin/ kapreomisin  

5ƛǊŜƴœƭŜ ƛƭƛǒƪƛƭƛ ǘŀƴƤƳƭŀǊ 



5ǸƴȅŀŘŀ ƘŜǊ ȅƤƭΤ 

 ~ 500000 4T5-TB olgusu 

    %5-млΩǳ ¸T5-TB olgusu 

 

WHO/HTM/TB/2013.11 
CLSI M24-A2 

TƪƛƴŎƛ ǎƤǊŀ ƛƭŀœ ŘǳȅŀǊƭƤƭƤƪ ǘŜǎǘƛƴƛƴ ǀƴŜƳƛ ŀǊǘƤȅƻǊ  



¢.ΩŘŀ Tƭŀœ 5ƛǊŜƴŎƛƴƛƴ {ŀǇǘŀƴƳŀǎƤƴƤƴ mƴŜƳƛ 

Tƭŀœ ŘƛǊŜƴŎƛƴƛƴ  ŘƻƐǊǳ ǾŜ ƘƤȊƭƤ ǘŀƴƤǎƤ 

Å Tƭŀœ ŘƛǊŜƴŎƛƴƛƴ ȅŀȅƤƭƤƳƤ ® 

Å IŀǎǘŀƭƤƪ ǎǸǊŜǎƛ ® 

Å YǸǊ ƻǊŀƴƤ ¬ 

Erken etkin tedavi 5ƛǊŜƴœ ǎǸǊǾŜȅŀƴǎƤ 

Å Enfeksiyon kontrol 
ǀƴƭŜƳƭŜǊƛ 

¢. Yhb¢wh[« 

CLSI M24-A2 
Curr Opin Pulm Med 2011, 17:134 
EUCAST doc. E.DEF 8.1, 2007 



HŜǊ Ƙŀǎǘŀ ƛœƛƴ  

ƪǸƭǘǸǊŘŜ izole edilen ilk M.tuberculosis ƛȊƻƭŀǘƤƴŀ  

ōƛǊƛƴŎƛ ǎƤǊŀ ƛƭŀœ ŘǳȅŀǊƭƤƭƤƪ ǘŜǎǘƛ ǳȅƎǳƭŀƴƳŀƭƤŘƤǊΦ 

-CLSI M24-A2 (2011) 
-WHO/HTM/TB/2009 

Â RIF 

Â INH 

Â EMB 

Â PZA 



Å Birinci ǎƤǊŀ ƛƭŀœƭŀǊŀ ƪŀǊǒƤ ǘŜǎǘ ŜŘƛƭŜƴ izolat; 

ïRIFΩe ŘƛǊŜƴœƭƛ ƛǎŜ 

ïTƪƛ ƛƭŀŎŀ ŘƛǊŜƴœƭƛ ise 

ïLbIΩŀ monorezistan + ǘŜŘŀǾƛȅŜ ƛƪƛƴŎƛ ǎƤǊŀ ƛƭŀœ 
ŜƪƭŜƴƳŜǎƛ ǇƭŀƴƭŀƴƤȅƻǊǎŀ όǀǊΦ FQ)  

TƪƛƴŎƛ ǎƤǊŀ ƛƭŀœƭŀǊƤ ƴŜ ȊŀƳŀƴ ǘŜǎǘ ŜŘŜƭƛƳΚ 

-CLSI M24-A2 (2011) 
-WHO/HTM/TB/2009 

ÅIƤȊƭƤΣ ǘƛŎŀǊƛ ƪǸƭǘǸǊ sistemi ǾŜȅŀ ƳƻƭŜƪǸƭŜǊ 
ȅǀƴǘŜƳ ƛƭŜ 4T5-¢. ǎŀǇǘŀƴƳƤǒΣ                
sonucun ŘƻƐǊǳƭŀƴƳŀǎƤ ƛœƛƴ fenotipik ȅǀƴǘŜƳ 
ƛƭŜ ǘŜǎǘ ǘŜƪǊŀǊƤ ǇƭŀƴƭŀƴƤȅƻǊǎŀ  

TƪƛƴŎƛ ǎƤǊŀ ƛƭŀœƭŀǊ 
test edilmeli 

TƪƛƴŎƛ ǎƤǊŀ ƛƭŀœƭŀǊ 
Řŀ ŜǒȊŀƳŀƴƭƤ 
test edilmeli 



ÅEnjektabl ajanlar; 
ïStreptomisin 
ïKanamisin 
ïAmikasin  
ïKapreomisin 

ÅFlorokinolonlar (sadece biri) 
ïOfloksasin 
ïSiprofloksasin 
ïLevofloksasin  
ïMoksifloksasin 

ÅOral bakteriyostatik ajanlar 
ïEtyonamid 
ïPAS 

ÅCLSI24A2 
ÅWHO_HTM_TB_2008.392 

Á Kanamisin 
Á Amikasin   
Á Kapreomisin 
ÁOfloksasin 

IŀƴƎƛ ƛƪƛƴŎƛ ǎƤǊŀ ƛƭŀœƭŀǊƤ ǘŜǎǘ ŜŘŜƭƛƳΚ 



Mikroskopi 
24 saat 

YŀǘƤ ƪǸƭǘǸǊ 
6-8 hf 

мΦ {ƤǊŀ T5¢ 
3-4 hf 

Mikroskopi 
24 saat 

{ƤǾƤ ƪǸƭǘǸǊ 
2-3 hf 

мΦ {ƤǊŀ T5¢ 
1-3 hf 

YƻƴǾŀƴǎƛȅƻƴŜƭ ƪŀǘƤ ƪǸƭǘǸǊ ǾŜ T5¢ 

{ƤǾƤ ƪǸƭǘǸǊ ǾŜ T5¢ 

4T5-TB 
9-12 hf 

Modified from WHO, A Roadmap for Ensuring Quality Tuberculosis Diagnostics Services within National Laboratory Strategic Plans, 2011. 

IƤȊΚ 

{ƤǾƤ ƪǸƭǘǸǊ Ҍ aƻƭŜƪǸƭŜǊ ¸ǀƴǘŜƳ T5¢ 

4ǀȊǸƳΚ 

4T5-TB 
3-5 hf 

нΦ {ƤǊŀ T5¢ 
3-4 hf 

нΦ {ƤǊŀ T5¢ 
1-3 hf 

¸T5-TB 
12-17 hf 

¸T5-TB 
4-8 hf 

Mikroskopi 
24 saat 

{ƤǾƤ ƪǸƭǘǸǊ 
2-3 hf 

мΦ {ƤǊŀ T5¢ 
1-3 hf 

4T5-TB 
3-5 hf 

¸T5-TB 
3-5 hf 

aƻƭŜƪǸƭŜǊ ȅǀƴǘŜƳ  ό2Φ ǎƤǊŀύ 
24 saat 

Mikroskopi 
24 saat 

aƻƭŜƪǸƭŜǊ ¸ǀƴǘŜƳ T5¢ 
aƻƭŜƪǸƭŜǊ ȅǀƴǘŜƳ  όмΦ ǎƤǊŀύ 

24 saat 4T5-TB 
1-нƎǸƴ 

aƻƭŜƪǸƭŜǊ ȅǀƴǘŜƳ  όнΦ ǎƤǊŀύ 
24 saat ¸T5-TB 

2-п ƎǸƴ 



TƪƛƴŎƛ ǎƤǊŀ Tƭŀœ ŘƛǊŜƴœ ƳŜƪŀƴƛȊƳŀƭŀǊƤ 

Tƭŀœ 
5ƛǊŜƴœƭŜ ƛƭƛǒƪƛƭƛ 

gen 
DŜƴ ǸǊǸƴǸƴǸƴ Ŧƻƴƪǎƛȅƻƴǳ 

Kinolonlar 
gyrA  
gyrB 

DNA giraz subunit A  
DNA giraz subunit B 

Amikasin rrs 16S rRNA  

Kanamisin  
rrs 
eis 

16S rRNA  

Kapreomisin 
rrs 
tlyA 

16S rRNA  
2'-0-metiltransferaz 

Int  J Tuberc  Lung Dis. 2009;13(11): 1320  



Å5ƛǊŜƴœƭŜ ƛƭƛǒƪƛƭƛΣ ōƛƭƛƴŜƴ ƳǳǘŀǎȅƻƴƭŀǊƤ ǎŀǇǘŀƳŀŘŀ 
ŘǳȅŀǊƭƤ ǾŜ ǀȊƎǸƭ 
ïYǸƭǘǸǊŘŜƴ œŀƭƤǒƤƭŘƤƐƤƴŘŀ œƻƪ ŀȊ ōƛǊ ǸǊŜƳŜ ȅŜǘŜǊƭƛŘƛǊ 

ïYƭƛƴƛƪ ǀǊƴŜƪƭŜǊŘŜƴ ŘƛǊŜƪǘ œŀƭƤǒƤƭŀōƛƭƳŜƪǘŜŘƛǊΦ 

ÅLaboratuvar tehlikelerini en aza indirmektedir. 

Å4ƻƪ ƘƤȊƭƤ 

-CLSI, M24-A2  
- WHO/HTM/TB/2009.422. 
- WHO/HTM/TB/2011.4 

Tƭŀœ direncinin belirlenmesinde ƳƻƭŜƪǸƭŜǊ ȅǀƴǘŜƳƭŜǊ 

Belli durumlarda 4T5-TBΩƴƛƴ ƘƤȊƭƤ ǘŀƴƤǎƤ ƛœƛƴ  

ƳƻƭŜƪǸƭŜǊ ȅǀƴǘŜƳƭŜǊƛƴ  
([t!ΩƭŀǊ ve Xpert MTB/RIF) 

ƪǳƭƭŀƴƤƭŀōƛƭŜŎŜƐƛ  

ƻƴŀȅƭŀƴƳƤǒǘƤǊΦ  



TƪƛƴŎƛ {ƤǊŀ Tƭŀœ 5ƛǊŜƴŎƛƴƛƴ {ŀǇǘŀƴƳŀǎƤƴŘŀ  
aƻƭŜƪǸƭŜǊ ¸ǀƴǘŜƳƭŜǊ 

ïDNA dizi analizi 

ÅSanger ȅǀƴǘŜƳƛ 

ÅPirosekanslama 

 

ïDNA microarray 

 

ïDŜǊœŜƪ ȊŀƳŀƴƭƤ t½¢  

 

ïLine probe Assay (Ters hibridizasyon testi, LPA) 

ÅGenoType MTBDRsl         (Hain LifeScience) 



DNA dizi analizi 

Å¸ǸƪǎŜƪ ŘƻƐǊǳƭǳƪΣ  

ÅGenotipik ŘǸȊŜȅŘŜ ȅǸƪǎŜƪ ŀȅƤǊƤƳ ƎǸŎǸ  

Å.ǸȅǸƪ 5b! ǇŀǊœŀƭŀǊƤƴŀ ǳȅƎǳƴ 

Sanger ȅǀƴǘŜƳƛ 

Am J Med Sci. 2013; 345(2): 143ς8 
Expert Rev. Resp. Med. 2009;3(5):497ς510 
J Microbiol Methods 2011;4: 155-60 

Tƭŀœ ŘƛǊŜƴŎƛ ƛƭŜ ƛƭƛǒƪƛƭƛ ƳǳǘŀǎȅƻƴƭŀǊƤƴ ǎŀǇǘŀƴƳŀǎƤƴŘŀ 
referans ƳƻƭŜƪǸƭŜǊ ȅǀƴǘŜƳ  



ÅBilinmeyen ǾŜȅŀ ȅŜƴƛ ƳǳǘŀǎȅƻƴƭŀǊƤ saptamada 

ÅFenotipik ve genotipik ǘŀōŀƴƭƤ ǎƻƴǳœƭŀǊ ŀǊŀǎƤƴŘŀƪƛ 
uyumsuzluklarda  

  ƪǳƭƭŀƴƤƭƳŀǎƤ ŘŀƘŀ ǳȅƎǳƴ olabilir. 

Expert Rev. Resp. Med. 2009;3(5):497ς510 

Å½ŀƘƳŜǘƭƛΣ ȊŀƳŀƴ ŀƭƤŎƤΣ ŘŜƴŜȅƛƳ gerektirir. 

Åwǳǘƛƴ ǘŀƴƤŘŀ ƪǳƭƭŀƴƤƳ ƛœƛƴ ǳȅƎǳƴ ŘŜƐƛƭΦ 

Sanger ȅǀƴǘŜƳƛΤ 



DNA dizi analizi 

ÅYƤǎŀ 5b! segmentlerinin 
ŀƴŀƭƛȊƛƴŘŜ ƪǳƭƭŀƴƤƭƤǊ  
(<рл ƴǸƪƭŜƻǘƛŘύ  

Å¸ŀǊƤ ƻǘƻƳŀǘƛƪΣ ƎŜǊœŜƪ 
ȊŀƳŀƴƭƤΣ ŀƭǘŜǊƴŀǘƛŦ ōƛǊ 
ȅǀƴǘŜƳ 

Pirosekanslama 

J. Clin. Microbiol. 2009;47:3985 



JCM 2014;52(2):475-82 

Pyrosequencing for Rapid Detection of Extensively Drug-Resistant 
Mycobacterium tuberculosis in Clinical  Isolates and Clinical  Specimens  

S.-Y. Grace Lin, Timothy C. Rodwell, Thomas C. et.al. 

Hedef genler:   fQ   Ą gyrA (QRDR) 
  AMK, CAP, KAN  Ą rrs  

  Fenotipik ĶDT sonucu (ºrnek sayēsē)       

  Ķzolat Klinik ºrnek Kombine       

PSQ sonucu 

(no.) R S R S R S 

  

duyarlēlēk ºzg¿ll¿k 

fQ (125)                   

Mutasyon 17 0 3 0 20 0   87.0 100 

Mutasyon yok 2 79 1 23 3 102       

AMK (120)                    

Mutasyon 14 1 1 0 15 1   100 99.0 

Mutasyon yok 0 79 0 25 0 104       

CAP (119)                   

Mutasyon 14 1 1 0 15 1   100 99.0 

Mutasyon yok 0 79 0 24 0 103       

KAN (55)                   

Mutasyon 11 0 1 0 12 0   85.7 100 

Mutasyon yok 2 28 0 13 2 41       



JCM 2012;50(6):2026-33 

Detection of First- and Second-Line Drug Resistance in 
Mycobacterium tuberculosis Clinical Isolates by Pyrosequencing 

Anna Engstrºm, Nora Morcillo, Belen Imperiale, Sven E. Hoffner, Pontus Jur®ena. 

Hedef genler:   gyrA (QRDR), rrs, eis promotor  

  Fenotipik ĶDT sonucu (ºrnek 

sayēsē) 

  

Duyarlēlēk 

(%)  

¥zg¿ll¿k 

(%)  PSQ sonucu (no.) R S   

OFL            

Mutasyon 54 0   87.1 100 

Mutasyon yok 8 184       

AMK            

Mutasyon 69 0   82.1 100 

Mutasyon yok 15 155       

CAP            

Mutasyon 62 4   79.5 97.2 

Mutasyon yok 16 139       

KAN            

Mutasyon 82 2   83.7 98.4 

Mutasyon yok 16 126       



Å{ƻƴǳœ ƻƭŀǊŀƪ pirosekanslamaΣ ŘƛǊŜƴœƭŜ ƛƭƛǒƪƛƭƛ 
ƳǳǘŀǎȅƻƴƭŀǊƤƴ ǎŀǇǘŀƴƳŀǎƤƴŘŀΤ 
ïSangere ƎǀǊŜΤ 
Å5ŀƘŀ ōŀǎƛǘ ǾŜ ŘŀƘŀ ƘƤȊƭƤ Ą ŘŀƘŀ œƻƪ ǀǊƴŜƪ œŀƭƤǒƤƭŀōƛƭƛǊΦ 
ÅYƭƛƴƛƪ ǀǊƴŜƪƭŜǊŘŜƴ ŘŜ œŀƭƤǒƤƭŀōƛƭƛǊΦ  
Å!ƴŎŀƪΣ ōǸȅǸƪ ƎŜƴ ōǀƭƎŜƭŜǊƛƴƛ ƪŀǇǎŀƳŀȊ 

ï[t!Ωȅŀ ƎǀǊŜΤ 
ÅGenotipik ŘǸȊŜȅŘŜ ŀȅƤǊƤƳ ƎǸŎǸ ŘŀƘŀ ȅǸƪǎŜƪ 
ÅDahil edilecek ƭƻƪǳǎƭŀǊƤƴ ǎŀȅƤǎƤ ŘŀƘŀ ƪƻƭŀȅ ayarlanabilir 

JCM 2012;50(6):2026-33 
JCM 2014;52(2):475-82 

Å¢ŀƴƤǎŀƭ ǾŜ Ƙŀƭƪ ǎŀƐƭƤƐƤ ƭŀōƻǊŀǘǳǾŀǊƭŀǊƤƴŘŀ Ǌǳǘƛƴ 
ƪǳƭƭŀƴƤƭŀōƛƭƳŜ ǇƻǘŀƴǎƛȅŜƭƛƴŜ ǎŀƘƛǇ  

ÅYŀǇǎŀƳƭƤ ekipman gerektirmesi ve maliyeti (?)  rutin 
ƪǳƭƭŀƴƤƳƤƴƤ ƪƤǎƤǘƭŀƳŀƪǘŀŘƤǊΦ  



DNA microarray 

ÅTek bir test ile MTB ve birden fazla ƛƭŀœ 
ƛœƛƴ ŘƛǊŜƴœ ƳǳǘŀǎȅƻƴƭŀǊƤƴƤ Ŝǒ ȊŀƳŀƴƭƤ 
saptayabilir.  

ÅTicari olarak umut vadeden testlerdir.  

ÅTƪƛƴŎƛ ǎƤǊŀ ƛƭŀœƭŀǊ ƛœƛƴ ǘƛŎŀǊƛ ǘŜǎǘ ƘŜƴǸȊ ȅƻƪ 
ï Infiniti MDR-TB (AutoGenomics)  Ą wTCΣ LbIΣ t½! 

ï TB-Biochip (Biochip-IMB)   Ą wTCΣ LbI 

ï CombiChip Mycobacteriaϰ όGeneIn)  Ą wTCΣ INH 

 

ÅtŀƘŀƭƤ ƻƭƳŀǎƤ ȅŀȅƎƤƴƭŀǒƳŀǎƤƴƤ 
ƪƤǎƤǘƭŀƳŀƪǘŀŘƤǊ. 



BMC Infectious Diseases 2013;13:240 

Detection of second-line drug resistance in Mycobacterium tuberculosis 
using oligonucleotide microarrays 

Danila V Zimenkov, Olga V Antonova, Alexey V Kuzômin, et.al. 

Hedef genler:   gyrA, gyrB (QRDR), rrs, eis promotor 
Teknoloji:   Biochip-IMB   

  Fenotipik 

ĶDT sonucu  

  

Duyarlēlēk 

(%)  

¥zg¿ll¿k 

(%)  

Biochip 

sonucu R S 

  

KAN  
R 33 2   97 94 

S 1 29       

CAP 
R 16 1   100 94 

S 0 48       

OFL  
R 41 0   98 100 

S 1 23       



{ƻƴǳœ ƻƭŀǊŀƪΤ 

Bu test,  

4T5 -TB ǘŀƴƤǎƤ ƛœƛƴ ticari olarak mevcut olan  

TB-Biochip ƛƭŜ ƪƻƳōƛƴŜ ƪǳƭƭŀƴƤƭŘƤƐƤƴŘŀΣ  

4T5 ǾŜ ¸T5-¢. ǘŀƴƤǎƤƴƤƴ 

  bir ƎǸƴŘŜΣ ŜǒȊŀƳŀƴƭƤΣ ƪƭƛƴƛƪ ǀǊƴŜƪǘŜƴ ōƛƭŜ 
ƪƻƴǳƭŀōƛƭŜŎŜƐƛ ƛŘŘƛŀ ŜŘƛƭƳƛǒǘƛǊΦ 

BMC Infectious Diseases 2013;13:240 



Gerek zamanlē PZT 

ÅIƤȊƭƤΣ ƪƻƭŀȅ      Ą Ǌǳǘƛƴ ǘŀƴƤ ƭŀōƻǊŀǘǳǾŀǊƭŀǊŘŀ ǳȅƎǳƭŀƴŀōƛƭƛǊ 

ÅYŀǇŀƭƤ ǎƛǎǘŜƳ  Ą œŀǇǊŀȊ kontaminasyon Ҩ 

 

ÅwLC ƛœƛƴ ōŀǒŀǊƤƭƤ ǎƻƴǳœƭŀǊ 

ïXpert MTB/RIF (Cepheid) 

 

ÅTƪƛƴŎƛ ǎƤǊŀ ƛƭŀœ ŘƛǊŜƴŎƛƴƛ ǎŀǇǘŀƳŀȅŀ ȅǀƴŜƭƛƪ 
ƘŀȊƤǊ ǘƛŎŀǊƛ ƪƛǘ ƘŜƴǸȊ yok 

 

ïAnyplex II mtb/MDR/XDR  (Seegene, South Korea)  ?? 
J Microbiol Methods 2011;4: 155-60 
J. Clin. Microbiol. 2011; 49(3):932ς40 



J Antimicrob Chemother 2013; 68: 1097ï1103 

Triplex real-time PCR melting curve analysis for detecting 
Mycobacterium tuberculosis mutations associated with resistance  
to second-line drugs in a single reaction 

Liu Q, Luo T, Li  J, Mei J, Gaol Q. 

Hedef genler:   gyrA, rrs, eis promotor   

{ƻƴǳœ ƻƭŀǊŀƪΤ 

Å Tek bir reaksiyon ile 3 gendeki ƳǳǘŀǎȅƻƴƭŀǊƤ ōŀǎƛǘ ǾŜ ŘǳȅŀǊƭƤ olarak 
saptayabilen test œƻƐǳ laboratuvarda uygulanabilir, 

ÅMTB ve 4T5Ωƛ saptayabilen ticari bir test ile kombine ƪǳƭƭŀƴƤƭŘƤƐƤƴŘŀ 
¸T5-¢.Ωƴƛƴ ƘƤȊƭƤ ǘŀƴƤǎƤƴŘŀ Ŝǘƪƛƴ ǾŜ ƎǸǾŜƴƛƭƛǊ ōƛǊ ȅǀƴǘŜƳ olabilir.  

eis  rrs gyrA 



Line Probe Assay (LPA) 
(Ters hibridizasyon testi) 

Å5ƛǊŜƪǘ ǀǊƴŜƪǘŜƴ ǾŜȅŀ izolattan 

ÅMTBC  ve ƛƪƛƴŎƛ ǎƤǊŀ ƛƭŀœ ŘƛǊŜƴŎƛ ǘŀƴƤǎƤ 

ÅIƤȊƭƤΣ ƪƻƭŀȅ ǳȅƎǳƭŀƴŀōƛƭƛǊ 

GenoType MTBDRsl  (Hain LifeScience)  

GenoType MTBDRplus Ą RIF+INH    Ą  4T5-TB 

   + 
GenoType MTBDRsl   Ą FQ+KAN+AMK+CAP+EMB Ą  ̧ T5-TB 

Åhedef genler; 
ïAmikasin, kanamisin, kapreomisin direnci Ą  rrs  
ïKinolon direnci Ą    gyrA  
ïEtambutol direnci Ą   embB 



GenoType MTBDRsl 
¢Ŝǎǘ ŀǒŀƳŀƭŀǊƤ 

I. DNA izolasyonu 

II. IŜŘŜŦ 5b!ΩƴƤƴ amplifikasyonu  

ÅBiyotinle ƛǒŀǊŜǘƭŜƴƳƛǒ primerler 

ÅMultipleks PZT 

III. IŜŘŜŦ 5b!ΩƴƤƴ ǎŀǇǘŀƴƳŀǎƤ 

ÅTers Hibridizasyon 

Alkelen 

fosfataz 

Streptavidin 

biotin 

DNA prob 

hedef DNA  


