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Sunum igerigi I

* Nitrat rediktaz testi (NRT)
— Direkt test;

— Indirekt test;
« LJ'de NRA
« 7H9 sivi besiyerinde tipte NRA
« 7H9 sivi besiyerinde mikroplakta NRA
 Kanli agarda NRA
« 7H11 agarda NRA



Sunum igerigi IT

* Kolorimetrik redoks indikator metotlari
(KRIM)
— Alamar mavisi ile duyarlilik testi
— Rezasurin ile duyarhlik testi
 Mikrodilisyon yontemi ile
« Tipte kritik konsantrasyon kullanilarak

— Tetrazolium tuzlar: ile duyarhlik testi
¢ MTT
¢ XTT

— Malasit yesili renksizlestirme testi (MYRT)
— Kristal viyole renksizlestirme testi (KVRT)



Sunum igerigi ITI

Mikroskobik izleme dayali ilag duyarlilik testi
(MIDT/MODS)

Ince tabaka agar testi (Thin Layer agar)
(ITAT/TLA)

Broth mikrodiliisyon metod (BMM)

E test
— 7H10 ve 11 agarda
— Kanli ve gukulatamsi agarda

Kanli agarda proporsiyon yontemi ile duyarhlik
testi

Koyun serumlu kanl agar temel besiyerinde
proporsiyon yontemi ile duyarlilik testi



Tiberkiloz ile savasta en etkili yol;
v' Hastalarinin erken saptanmast
v' Etkili tedavisi

ile bulas zincirinin kirilmasidir.

\ 4

Etkin tedavi;

IDT sonuclarina gére dzgiin
tedaviler diizenlenmesi ile
mumkunddir.



Test edilecek ilacin segimi

v' Birinci secenek ilaclar

— Her hastada oncelikle test edilmesi gereken ilaglardir.
« TIzoniazid (INH)
« Rifampisin (RIF)
« Etambutol (EMB)

 Pirazinamid (PZA) (Teknik zorluk nedeniyle ilk test edilecek ilaglar arasina
alinmayabilir)

« Streptomisin (SM)

v Ikinci secenek ilaglar

— Izolat RIF'e direngli ise test edilmelidir.
(veya en az iki birinci segenek ilaca direngli ise)
« Kanamisin (KAN)
« Amikasin (AMI)
* Kapreomisin (CAP)
« Ofloksasin (OFL)



Ilag direnci ile ilgili tanimlar

v' Primer direng (yeni olguda direng)

— Daha 6nce tedavi almamis veya bir aydan kisa siire tedavi
almis olguda goriilen direng

v' Sekonder direng (tedavi gormis olguda direng)

— En az bir ay kemoterapi almig olguda ortaya ¢ikan direng

v' Cok ilaca direncli tiiberkiloz (¢ID-TB)
- En az RIF + INH direnci
v Yaygin ilag direngli tiiberkiloz (YID-TB)

- RIF + INH + florokinolon + bir enjektabl ikinci segenek ilag
(kanamisin, kapreomisin, amikasin) direnci




IDT Yéntem Cesitleri

v Kiiltire Dayal Yontemler

— Proporsiyon Yontemleri
* Agar Proporsiyon Yontemi (MB 7H10/11)
* LJ Proporsiyon Yontemi

— Otomatize Sivi Sistemler

« MGIT 960
« VersaTREK



_ Kullanilan Besiyerinde
Onerilen kritik konsantrasyonlar (ug/ml)

LT 7H10 7H11 MGLT VersaTREK
960
Izoniazid (INH) * 0.2 0.2 0.2 0.1 0.1
Rifampisin (RIF) 40.0 1.0 1.0 1.0 1.0
Ethambutol (EMB) 2.0 5.0 75 5.0 5.0
Pirazinamid (PZA) - - - 100.0 300.0
Streptomisin (SM)* 4.0 2.0 2.0 1.0 2.0

Kritik konsantrasyon;
ilagla karsilasmamis “wild type" M. tuberculosis suslarinin %95'ini
inhibe eden en distik ilag konsantrasyonudur.

*Kritik konsantrasyonunda direng goriiliirse , ilacin daha yiiksek bir konsantrasyonu igin duyarlilik testi yapilmasi 6nerilmektedir.



Dezavantajlari

* Proporsiyon yontemi;
— 3-4 hafta gerekli
— 7H10 ve 11 agar ya da LJ'de uygulanmakta
— LJ hazirlanmasi zor

* MGIT 960;

— Otomatize ve hizli
— Pahali
— Ekipman gerekli



NRT

 Testin temeli;

— Bakteri nitrat rediiktaz enzimine sahip
* Nitrat rediiktaz enzimi olmayan bakteri orani <%1

— Duyarlilik testi yapilacak olan besiyerine KNO;
ekleniyor (1000 wg/ml)

— Eger bakteri direngli ise ortamda gogalmaya
basliyor.

— Ortamdaki canli bakteri enzimiyle nitrati nitrite
indirgiyor
— Canli bakteri kolonileri gorindr hale gelmese de

— Canl bakteri var'lu‘%“‘ma bagli olusan nitrit Griess
ayraci ile gorindr hale getiriliyor



NRT

— Direkt test;

— Indirekt test;
« LJ'de NRA
« 7H9 sivi besiyerinde tipte NRA
« 7H9 sivi besiyerinde mikroplakta NRA
 Kanli agarda NRA
« 7H11 agarda NRA



LT'de NRT

Demonstration of nitrate reductase assay results: resistant to two drugs. GC: growth control tube without any drug. S
streptomycin. INH: growth sensitive to isontazid. RIF: growth resistant to rifampicin. EMB: growth sensitive to etha

Control INH RIF STM ETH
1:10 dil. 0.2 40 4.0 2.0
ng/ml pg/ml pg/ml  pg/ml

FIG. 1. Examples of NRA results. A strain is considered resistant
to a certain drug if there is a color change in the drug-containing tube
greater than that in the 1:10-diluted (1:10 dil.) control tube. (A) Fully
susceptible strain; (B) strain resistant to all four tested drugs.
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Rapid Colorimetric Method for Testing Susceptibility of
Mycobacterium tuberculosis to Isoniazid and Rifampin in
Liquid Cultures
H. Syre,' 5. Phyu,' P. Sandven,® B. Bjorvatn,' and H. M. 5. Grewal'*
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We have developed a rapid colorimetric method for testing the susceplibility of M. faberoulosis (o isandazid
(INH) and rifampin (RIF) based on incorporation of nitrate in broth cultures conlaining growth supplemenis.
The performance of this colorimetric nitrate redoctase-based antibiotic susceptibility (CONRAS) lest was

oompared with that of the radiometric BACTEC 460TH system in determining the susceplibilities of 74 A
l | trebercwlosis straims to INH and RIF. By using the BACTELD 460TE system as the “gold standand,”™ the sensitivity

(L2 the ability o defect true drug resistance) and specilicily (ie. the abilily to detect troe drog susceplibility )
of the CONEAS test were 100 amd 95% for INH and 94 and 1005 for RIF, respectively. The repeatability of the
COMNEAS test was excellent (for INH, kappa = 1 and F < 0.001; fvr RIF, kappa = L85 and F < M) For
the majorily of strains, resnlis were oblained within 5 days. The CONEAS test is mapid, aoowrate, amd
inexpensive and is an adeguate allernative, paricalarly for resource=poor countries.

W el B

FIG. L (A) Serial twofold dilutions of a standard stock salution of
sodium nitrite (NaNO,) resulting in an increasing color intensity
graded from 1+ through 6+. (B) Example of a strain examined by the
CONRAS test. The colar intensity of the 1:500 dilution of the bactenal
suspension was compared with the color intensity in the standard tubes
(pancl A). A strain was considered to be resistant if the color intensity
—an P 2
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Mikroplakta NRT
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Comparative evaluation of the microplate nitrate reductase assay
and the rezasurin microtitre assay for the rapid detection
of multidrug resistant Mycobacterium tuberculosis clinical isolates

Ahmet Yilmaz Coban'/*, Meltem Uzun?, Alper Akgunes®, Belma Durupinar’

'Department of Medical Microbiology, Medical School, Ondokuz Mayis University, Samsun, Turkey
*Department of Medical Microbiology, Istanbul Medical School, Istanbul University, Istanbul, Turkey
‘Medical Microbiology Laboratory, Samsun Chest Diseases Hospital, Samsun, Turkey

The microplate nitrate reductase assay (MNRA) and the rezasurin micratitre assay (REMA) were used for the sus-
ceptibility testing of 73 clinical isolates and the resulis were compared with those that were obtained using the Baciec
460 TB and Bactec MGIT 960 systems. The REMA and the MNRA were performed in 96-well plates. For the REMA, the
concentrations af isoniazid (INH) and rifampicin (RIF) ranged from 1.0-0.01 ug/imL and 2.0-0.03 pyg/mL, respectively.
For the MNRA, the INH concentration was between 1.0-0.03 ug/mL and the RIF concentration was between 2.0-0.06
pgimL. For the MNRA, the sensitivity, specificity, positive predictive value, negative predictive value and INH/RIF
agreement were 100/95.6, 97.6/100, 96.8/100, 100/98 and 95.6/98.6, respectively, and for the REMA, they were 1NY91.3,
90.4/10, 885100, 100796, 1 and 94.5/97.2, respectively. Our data suggest that these two rapid, low-cost methods may
be inexpensive, alternative assays for the rapid detection of multidrug resistant tuberculosis in low-income couniries.

Key words: Mycobacterium fuberculosis - MIC determination - microplate nitrate reductase assay - rezasurin microtitre assay




Mikroplakta NRT

Fig. 2: assessment of microplate nitrate reductase assay (MNRA)
results. Al-11: positive control wells; B1-11: positive control wells;
C1-11: 1.0 pg/mL for isoniazid (INH) and 2.0 pg/mL for rifampicin
(RIF); DI-11: 0.5 pg/mL for INH and 1 pg/mL for RIF; E1-11: 0.25
pg/mL for INH and 0.5 pg/mL for RIF; F1-11: 0.125 pg/mL for INH
and 0.25 pg/mL for RIF; G1-11: 0.06 pg/mL for INH and 0.125 pg/mL
for RIF; H1-11: 0.03 pg/mL for INH and 0.06 pg/mL for RIF.
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A rapid detection of multidrug-resistant Mycobacterium tuberculosis
by a nitrate reductase assay on blood agar

Ahmet Yilmaz Coban'f, Yeliz Tanriverdi Cayci', Aydin Deveci®,
Alper Akgunes’, Meltem Uzun®, Belma Durupinar'

Department of Medical Microbiology *Department of Clinical Microbiology and Infectious Disease, Medical School,
Ondokuz Mayis University, Samsun, Turkey ‘Department of Microbiology and Clinical Microbiology, Clinical Microbiology Laboratory,
Samsun Chest Diseases Hospital, Samsun, Turkey *lstanbul Medical School, Istanbul University, Istanbul, Turkey

The susceptibility of 49 Mycobacterium tuberculosis clinical isolates to isoniazid (INH) and rifampisin (RIF)
(28 multi-drug resistant-tuberculosis samples) was determined by a nitrate reductase assay (NRA) on blood agar.
Agreement between the NRA and other testing methods was found ta be 93.8%; for bath INH and RIF. The sensitiv-
itv, specificity, positive predictive value and negative predictive value for INH were 92 8%, 94 2%, 86.6% and 97%,
respectivelyv. The sensitivity, specificity, positive predictive value and negative predictive value for RIF were 90.4%;,
Of 4%, 95% and 93.1%. In conclusion, we show here that blood agar can be used effectively for the NRA test.

Key words: Myveobacterium tuberculosis - nitrate reductase assay - blood agar

Tuberculosis remains an important public health
problem and has recently been increasing in incidence
(Affolabi et al. 2007). The early detection of antimicro-
bial susceptibility is especially important for creating an
appropriate treatment protocol for patients with tuber-
culosis. Multi-drug resistant (MDR) tuberculosis iso-
lates present a major challenge for tuberculosis control
programs (Shikama et al. 2009). Therefore, microbial
susceptibility to at least isoniazid (INH) and rifampisin
(RIF) should be ascertained to diagnose MDR tubercu-
losis. Conventional methods [proportion methods in Li-
wenstein-Jensen (LJ) and Middlebrook THI0 agar] for
tuberculosis drug susceptibility testing have many dis-
advantages, including being labour intensive and time

susceptibility for determining MDR tuberculosis using
an NRA test on blood agar, a method which has recently
been developed to test the antibiotic susceptibility of tu-
berculosis bacilli (Coban et al. 2006).

Forty-nine Myveobacterium tuberculosis clinical 1so-
lates, including 28 MDR isolates and the reference strains
H3TRv (susceptible to all drugs), ATCC 35822 (INH re-
sistant) and ATCC 35820 (streptomycin resistant), were
tested in this study. Antibacterial resistance patterns of
the clinical isolates are summarised in Table 1. Drug sus-
ceptibility testing of all isolates was determined by Bactec
460 TB, which is considered the benchmark automated
system and 1s commonly used in diagnostic laboratories.
INH and RIF powders were obtained from Sigma-Aldrich,



TABLEII
Comparison of blood agar results and BACTEC 460-TB system results

Results of BACTEC 460 TB system

Results on Sensitivity Specificity PPV NPV Agreement
Drugs blood agar Resistant Susceptible (%) (%a) (%a) (%a) (%a)
INH Resistant i3 1 928 94.2 &6.6 97 938
Susceptible 2 13 - - - - -
RIF Resistant 27 2 90.4 96.4 95 931 9318
Susceptible 1 19 - - - = -
) 4

INH: isoniazid; NPV: negative predictive value; PPV: positive predictive value; RIF: rifampicin.



7H11 agarda NRT
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Field evaluation of the direct detection of multidrug resistant Mycobacterium
tuberculosis by nitrate reductase assay on 7H11 agar

Lugman Satti**, Aamer Ikram b Juan Carlos Palomino“, Anandi Martin®, Farooq Ahmad Khan®
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ARTICLE TNFO SUMMARY

Article history: In this study we evaluated the performance of colorimetric nitrate reductase assay (NREA) on Mid-
Received 1 December 2012 dicbrook TH11 agar instead of Lowenstein=Jensen medium for detection of isoniazid (IMH) and rifampin
;te::ced '“Ir;{';m form (RIF) resistance directly on 114 smear positive sputum specimens and compared the results with dicect
Mcep{ﬂ February 2013 ]:rclp-ur.tiun m:thu.d on L] medium. The results of both methods were in 100% agreement for detection of

RIF resistance while agreement for INH was 96.4% The average turnaround time for NRA was 18.6 days
and majority of the specimens gave positive results within 21 days. Thus direct NRA testing on smear

ﬁmﬁ;u positive sputum specimens by using TH11 agar could be used as a fast, reliable and inexpensive method
Mycobacteniem hubenculosis in respurce starved sethings.
Hi-":ate reductase assay & 2013 Elsevier Ltd. All nights reserved.

TH11 agar
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Figure 1. A M. tuberculosis strain showing resistance to both INH and RIF. Note that the
color change in drug containing bottles is greater than that in control bottle. (For
interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)



Comparison of results of direct L] proportion method with results of sensitivity on

7H11 agar by NRA.

Drugs L 7H11 agar y 4

results ©™S Sensitivity Specificity PPV NPV Agreement
RIF R 24 0 100 100 100 100 /100

S 0 88
INH R 28 4 100 95.2 88 100 \ 96.4

S 0 80

R = resistant; S = susceptible; PPV = positive predictive value; NPV = negative

predictive value.
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Objectives: To perforrm a multicentre study evoluating the performance of the direct nitrate reductose assoy (NRA)
for the detection of multidrug-resistant {(MDR) and extensively drug-resistant (XDR) tuberculosis in sputurn samples.

Methods: The study was conducted in six laboratories performing tuberculosis diagnosis that were located in six dif-
ferent countries. The NRA was performed directly on sputum samples in parallel with the reference method used at
each site. Detection of resistance was performed for rifampicin, isoniazid, ofloxacin and kanarmycin,

Results: Excellent agreement was obtained for all drugs tested at the majority of sites. The ocouracy was 93.7% -
100% for rifampicin, §8.2% - 100% for isoniazd, 94.6% - 100% for ofloxadn and 100% for kanarmycin. The majority
of NRA results were ovailoble ot day 21 for sites 1, 2 and 5. Site 3 had o turnaround time of 13.9 days, at site 4 it was
18.4 days and ot site & it was 16.2 days. The contamination rote ranged between 2.5% and 12%.

Conclusions: Rapid detection of drug resistance by the direct NRA on sputum smear-pasitive samples was acourate
and easy toimplerment in clinical diagnostic laboratories, making it a good alternative for rapid screening for MDR and
ADR tuberculosis.



Table 1. Susceptibility results for the direct NRA compared with the MGIT 960 system or L) proportion method for ench site

MGIT 960 systermn or | propartion meathod

i

rifarmpicin isoniazid oflowacin kanarrycin

Site Direct MRA R 5 Rk 5 R 5 R 5
1 R 18 3 20 1 1 0 7 0
5 ] 31 0 31 ] 41 1] 45
2 R 12 0 15 0 1 0 1 0
5 1 37 2 i3 1] 49 1] 49
3 R & 0 9 1] 2 0 5 0
5 1] 53 0 Ll ] 55 0 hd
@ < R ] 0 B 0 ) 1 0 v
5 1] 52 2 dd 1 48 1] ol
5 R 3 1] 1 T 1] o 0 0
5 1 12 1 11 1] 17 1] 17
B R 2 0 2 1] ] 2 1] 0
5 0 i5 0 35 0 i5 0 37

R, resistant; 5, susceptible,



Direct nitrate reductase assay for XDR-TB

JAC

Table 2. Sensitivity, specificity, PPV, NPV and occuracy of the direct NRA for each drug tested ot eoch study site

Rifarmpicin (3) Isoninzid (%) Ofloxocin (Y) Kanormycin (%)

Site  sens  spec PPV NPV A sens spec PPVONPY O A sens spec PRV NPV A sens spec PPV NPV A

1 100 911 857 100 942 100 968 952 100 980 100 100 100 100 100 100 100 100 100 100

2 923 100 100 973 980 882 100 100 942 960 100 100 100 100 100 100 100 100 100 100

3 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
& MNA 100 MNA  NMA 100 75 100 100 956 967 667 98 666 979 967 NA 100  MA 100 100
5 75 100 100 923 937 80 916 80 916 882 NA 100 NA 100 100 NA 100 NA 100 100
[ 100 100 100 100 100 100 100 100 100 100 NA 946 NA 0 100 946 NA 100 NA 100 100

sens, sensitivity; spec, specificty; A, ocouracy; NA, not applicable.
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Nitrate Reductase Assay for Rapid Detection of Isoniazid, Rifampin,
Ethambutol, and Streptomycin Resistance in Mycobacterium
tuberculosis: a Systematic Review and Meta-Analysis

Ahmet Yilmaz Coban,® Aydin Deveci,” Ahmet Tevfik Sunter,® Anandi Martin®

Ondokuz Mayis University, Medical School, Department of Medical Micrebiology, Samsun, Turkey”; Ondokuz Mayis University, Medical Schaol, Departrment of Infectious
Dizease and Clinical Microbioloagy, Samsun, Turkey®; Ondokuz Mayis University, Medical Schoal, Depantment of Public Health, Samsun, Turkey®; Laboratary of
Micrabialogy, Faculty of Sciences, Department of Biochermistry and Microbiology, Ghent University, Ghent, Belgium®

Colorimetric phenotypic tests recently gained interest because traditional primary drug susceptibility testing of Mycobacterium
tuberculosis isolates takes a long time. We used meta-analysis techniques to review the reliability and accuracy of the nitrate re-
ductase assay (NRA), which is one of the most popular colorimetric methods to detect resistance to first-line drugs. Medline,
PubMed, 151 Web, Web of Science, and Google Scholar were used to search for studies enrolled in the meta-analysis. The analysis
included 35 studies for isoniazid (INH), 38 for rifampin (RIF), and 22 for ethambutol (EMB) and streptomycin (STR). Summary
receiver operating characteristic (SROC) curves were applied to summarize diagnostic accuracy. The meta-analyses were per-
formed by the use of Meta-DiSc software (version 1.4) and were focused on sensitivity and specificity values for measurements of
accuracy. The pooled sensitivities were 96% for INH, 97% for RIF, 90% for EMB, and 82% for STR. The pooled specificities for
INH, RIF, EMB, and STR were 99%, 100%, 98%, and 96%, respectively. The times required to obtain results were between 5 and
28 days by the direct NRA and between 5 and 14 days by the indirect test. In conclusion, the present meta-analysis showed that
the NRA is a reliable low-cost rapid colorimetric susceptibility test that can be used for the detection of multidrug-resistant
(MDR) tuberculosis, including detection of EMB resistance. However, the test appears to have a relatively low sensitivity for STR
and needs further improvement.



Table S1. Description of studies included in the meta-analysis of INH resistance detection.

References Countries Reference test Samples Sensitivity (%95 CI) Specificity (%95 CI) TTP (day)
Angeby et al.! Sweden Bactec 460 TB 56 isolates  0.97 (0.84-1.00) 0.96 (0.79-1.00) 7-14
Syre et al” Norway Bactec 460 TB 74 1solates  1.00(0.89-1.00) 0.95 (0.84-0.99) 54
Coban et al? Turkey PMon LJ 80 isolates  1.00(0.75-1.00) 1.00 (0.95-1.00) 7-14
Montoro et al.* Cuba/Belgium PMon LJ 100 isolates  0.96 (0.85-0.99) 1.00 (0.94-1.00) 7-14
Martin et al.” Site | Belgium PMon LJ 30 isolates  1.00(0.74-1.00) 1.00 (0.81-1.00) 7-14
Site2  Cuba PM on LJ 30 isolates  0.92 (0.62-1.00) 0.94 (0.73-1.00) 7-14
Site 3  Argentina PMonLJ 30 isolates  1.00(0.74-1.00) 0.94 (0.73-1.00) 7-14
Site4  Chile PM on LJ 30 isolates  0.92 (0.62-1.00) 0.94 (0.73-1.00) 7-14
Site 5 Peru PMonLJ 30 isolates  1.00(0.74-1.00) 1.00 (0.81-1.00) 7-14
Musa et al.*® Argentina/Sweden PMonL] 130 sputum samples 0.93 (0.66-1.00) 1.00 (0.97-1.00) 10-18
Solis et al.*’ Perw/USA PMon LJ 192 sputum samples 0.99 (0.95-1.00) 1.00 (0.95-1.00) 28
Lemus et al.*® Cuba/Belgium PM on LJ 320 isolates  0.92 (0.82-0.97) 1.00 (0.99-1.00) 10-14
Affolabietal.”  Benin/Belgium/France PM on LJ 151 isolates  1.00 (0.85-1.00) 1.00 (0.97-1.00) 8-18
Affolabi et al*'""  Benin/Belgium/France PM on LJ 144 sputum samples 1.00 (0.77-1.00) 0.99 (0.96-1.00) 5-18
Anietal" Nigeria PMon LJ 70 isolates  1.00(0.59-1.00) 1.00 (0.94-1.00) 10-14
Visalakshi et _‘1-]_.12 India PM on LJ 108 sputum samples 0.95 (0.87-0.99) 1.00 (0.92-1.00) 10-21
Rosales etal.” Honduras/Sweden  Bactec 460TB/PM on LJ 192 isolates  0.98 (0.91-1.00) 1.00 (0.97-1.00) 7-14
Bwanga etal."  Uganda/Sweden PM on LJ 31 isolates  1.00(0.80-1.00) 1.00 (0.77-1.00) 7-10
Gupta and Anupurba*" India PMonLJ 45 sputum samples  1.00 (0.80-1.00) 0.93 (0.76-0.99) 21-28
Gupta et al.' India PM on LJ 286 isolates  0.97 (0.92-0.99) 1.00 (0.98-1.00) 7-14
Bwanga et al *!’ Uganda/Sweden PMon LJ 210 sputum samples 0.93 (0.84-0.98) 0.96 (0.91-0.99) 10-21
Coban et al." Turkey Bactec 460 TB 49 isolates  0.94 (0.81-0.99) 0.93 (0.66-1.00) 7-10
Dixit et al."” India PMon LJ 105 isolates  0.98 (0.90-1.00) 1.00 (0.93-1.00) 8-14
Lopez et al.* Argentina PMon LJ 302 isolates  0.85 (0.75-0.92) 1.00 (0.98-1.00) 7-14
Fonseca et al.”' Brasil PMonLJ 106 isolates  0.91 (0.80-0.97) 0.98 (0.89-1.00) 2.8
Mansur et al. > Brasil PM on LJ 57 isolates  1.00(0.74-1.00) 1.00 (0.92-1.00) 10
Ramos et al.” Belgium PMon LJ 147 isolates  0.99 (0.95-1.00) 0.95 (0.83-0.99) 10-14
Rosales et al.*™ Honduras/Sweden  PM on L] 108 sputum samples 1.00 (0.69-1.00) 0.99 (0.94-1.00) 10-28
Gupta et al *** India PMon LJ 100 sputum samples 0.98 (0.91-1.00) 0.98 (0.87-1.00) 7-14
Coban et al.*® Turkey Bactec 460 TB/MGIT 960 73 isolates  1.00 (0.89-1.00) 0.98 (0.87-1.00) 7
Sethi etal.”’ India PMon LJ 100 isolates  0.97 (0.84-1.00) 1.00 (0.95-1.00) 7-14
Kumar et al.*® India/USA PM on TH10 agar 42 isolates  0.87 (0.60-0.98) 1.00 (0.87-1.00) 8
Mengatto et al.”’ Argentina PM on L] 64 isolates  0.92 (0.75-0.99) 1.00 (0.91-1.00) T7-14
Shikama et al.™ Brasil/Belgium PM on L1/Bactec MGIT 960 120 isolates  0.98 (0.92-1.00) 0.98 (0.90-1.00) 7-14
Mendoza et al.*! Venezuella PM on L] 59 isolates  1.00 (0.03-1.00) 1.00 (0.92-1.00) 10-14

*Direct test, TTP: Time to positivity.
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' ' * Direct test

‘ Pooled Senstivity = 0,96 (09510 0,27)
Chi-square =53 67, ¢f= 34(p=0,0172)

0 02 0.4 06 08 1 Inconsistency (1-square) = 35.7 %

Sensitivity
FIG 1 Forest plot of the sensitivities for INH assays. The point estimates of
sensitivities from each study are shown as circles. Error bars indicate 95%
confidence intervals.



Angeby et al, 2002 0,96
Syre et al, 2003 095
Coban et al. 2004 1.00
Montoro et al. 2005 1,00
Martin et al. 2005-SITE 1 1,00
Martin et al. 2005-SITE 2 094
Martin et al. 2005-SITE 3 0,94
Martin et al. 2005-SITE 4 0,94
Martin et al. 2005-SITE 5 1,00
Musa et al. 2005* 1.00
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Lemus et al 2006 1,00
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Coban et al. 2012 098
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Mengatto et al. 2006 1,00
Shikama et al. 2009 0,98
Mendoza et al. 2010 1.00

* Direct test

Pooled Specificity = 0,99 (0,99 to 0,99)
Chi-square = 62,20; df = 34 (p = 0,0022)
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FIG 2 Forest plot of the specificities for INH assays. The point estimates of
specificities from each study are shown as circles. Error bars indicate 95%

confidence intervals.
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Table S2. Description of studies included in the meta-analysis of RIF resistance detection.

References Countries Reference test Samples Sensitivity (%95 CI) Specificity (%95 CI) TTP (day)
Angeby et al.” Sweden Bactec 460 TB 56 isolates  1.00 (0.89-1.00) 1.00 (0.87-1.00) 7-14
Syre et al’ Norway Bactec 460 TB 74 isolates  0.94 (0.71-1.00) 1.00 (0.94-1.00) 54
Coban et al.’ Turkey PMon L] 80 isolates  1.00 (0.63-1.00) 1.00 (0.95-1.00) 7-14
Montoro et al.* Cuba/Belgium PMon L] 100 isolates  1.00 (0.91-1.00) 1.00 (0.94-1.00) 7-14
Martin et al.” Site 1~ Belgium PMon L] 30 isolates  1.00 (0.78-1.00) 1.00 (0.78-1.00) 7-14
Site2  Cuba PMon L] 30 isolates  1.00 (0.78-1.00) 1.00 (0.78-1.00) 7-14
Site 3 Argentina PMon L] 30 isolates  1.00 (0.78-1.00) 1.00 (0.78-1.00) 7-14
Site4  Chile PMon L] 30 isolates  0.93 (0.68-1.00) 1.00 (0.78-1.00) 7-14
Site5  Peru PMon L] 30 isolates  0.87 (0.60-0.98) 1.00 (0.78-1.00) 7-14
Musa et al.** Argentina/Sweden PMonLJ 130 sputum samples 1.00 (0.72-1.00) 1.00 (0.97-1.00) 10-18
Solis et al.*’ Perw/USA PMon L] 192 sputum samples 0.94 (0.87-0.97) 1.00 (0.96-1.00) 28
Lemus et al.” Cuba/Belgium PMon L] 320 isolates  0.94 (0.83-0.99) 1.00 (0.99-1.00) 10-14
Affolabi et al *** Benin/Belgium PMon L] 177 sputum samples 0.88 (0.47-1.00) 1.00 (0.98-1.00) 10-28
Affolabi et al.” Benin/Belgium/France PM on L] 151 isolates  1.00 (0.79-1.00) 1.00 (0.97-1.00) 8-18
Affolabi et al.*'"’ Benin/Belgium/France PM on L] 144 sputum samples 1.00 (0.54-1.00) 0.99 (0.96-1.00) 5-18
Shikama et al.** Brasil/Belgium PMon L] 210 sputum samples 1.00 (0.54-1.00) 1.00 (0.98-1.00) 10-20
Ani etal." Nigeria PMon L] 70 isolates  0.90 (0.55-1.00) 0.97 (0.88-1.00) 10-14
Visalakshi et al.*'*  India PMon L] 108 sputum samples 1.00 (0.92-1.00) 0.98 (0.91-1.00) 10-21
Rosales et al."”* Honduras/Sweden Bactec 460TB/PM on L] 192 isolates  0.95 (0.87-0.99) 1.00 (0.97-1.00) 7-14
Bwanga et al.” Uganda/Sweden PMon L] 31isolates  1.00(0.77-1.00) 1.00 (0.80-1.00) 7-10
Gupta and Anupurba*"® India PMon L] 45 sputum samples  1.00 (0.83-1.00) 1.00 (0.86-1.007 21-28
Gupta et al.' India PMon L] 286 isolates  0.98 (0.94-1.00) 1.00 (0.98-1.00) 7-14
Bwanga et al.*"’ Uganda/Sweden PMon L] 210 sputum samples 0.98 (0.87-1.00) 0.98 (0.94-0.99) 10-21
Coban et al."* Turkey Bactec 460 TB 49 isolates  0.96 (0.82-1.00) 0.90 (0.70-0.99) 7-10
Dixit et al."” India PMon L] 105 isolates  1.00 (0.94-1.00) 1.00 (0.93-1.00) 8-14
Lopez et al.™ Argentina PMon L] 302 isolates  0.87 (0.76-0.94) 1.00 (0.98-1.00) 7-14
Fonseca et al.™' Brasil PMon L] 106 isolates  0.97 (0.87-1.00) 1.00 (0.95-1.00) 8.8
Mansur et al.” Brasil PMon L] 57 isolates  1.00 (0.72-1.00) 1.00 (0.92-1.00) 10
Ramos et al,™ Belgium PMonLJ 147 isolates  0.97 (0.92-0.99) 1.00 (0.92-1.00) 10-14
Rosales et al. *** Honduras/Sweden PMonLJ 108 sputum samples 0.80 (0.28-0.99) 1.00 (0.96-1.00) 10-28
Gupta et al.*> India PMon L] 100 sputum samples 1.00 (0.94-1.00) 1.00 (0.92-1.00) 7-14
Coban et al.*® Turkey Bactec 460 TB/MGIT 960 73 isolates  0.96 (0.78-1.00) 1.00 (0.93-1.00) 7
Sethi et al.”’ India PMon L] 100 isolates  1.00 (0.90-1.00) 1.00 (0.94-1.00) 7-14
Kumar et al.” India/USA PM on TH10 agar 42 isolates  1.00 (0.69-1.00) 1.00 (0.89-1.00) 8
Mengatto et al. ™ Argentina PMon L] 64 isolates  1.00 (0.86-1.00) 1.00 (0.91-1.00) 7-14
Shikama et al.”’ Brasil/Belgium PM on LJ/Bactec MGIT 960 120 isolates  0.99 (0.93-1.00) 0.98 (0.88-1.00) 7-14
Mendoza et al.*! Venezuella PM on LJ 59 isolates  1.00 (0.03-1.00) 1.00 (0.92-1.00) 10-14
Lemus et al.** Cuba/Belgium PM on L)/Bactec 460 TB 20 isolates  1.00 (0.69-1.00) 1.00 (0.69-1.00) 7-14

*Direct test, TTP: Time to positivity.
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FIG 3 Forest plot of the sensitivities for RIF analyses. The point estimates of
sensitivities from each study are shown as circles. Error bars indicate 95%

confidence intervals.
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FIG 4 Forest plot of the specificities for RIF analyses. The point estimates of
specificities from each study are shown as circles. Error bars indicate 95%

confidence intervals.
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Table 83. Description of studies included in the meta-analysis of EMB resistance detection.

References Countries Reference test Samples Sensitivity (%95 CI) Specificity (%95 CI) TTP (day)
Angeby et al.' Sweden Bactec 460 TB 56 1solates  0.75(0.43-0.95) 0.98 (0.88-1.00) 7-14
Coban et al * Turkey PM on LI 80 1solates 1.00(0.29-1.00) 0.92 (0.84-0.97) 7-14
Montoro et al.* Cuba/Belgium PM on L] 100 isolates  1.00 (0.80-1.00) 0.99 (0.93-1.00) 7-14
Martin et al * Site 1~ Belgium PM on LI 30 1solates 1.00 (0.66-1.00) 0.95(0.76-1.00) 7-14
Site2  Cuba PM on L] 30 1solates 1.00 (0.66-1.00) 1.00 (0.84-1.00) 7-14
Site 3 Argentina PM on LI 30 1solates  0.89 (0.52-1.00) 1.00 (0.84-1.00) 7-14
Sited  Chile PM on LI 30 1solates 1.00 (0.66-1.00) 1.00 (0.84-1.00) 7-14
Site5  Peru PMon LI 30 isolates  0.89(0.52-1.00) 1.00 (0.84-1.00) 7-14
Musa et al.** Argentina/Sweden PMonLJ 130 sputum samples 0.56 (0.21-0.86) 0.99 (0.95-1.00) 10-18
Syre et al Norway Bactec 460TB 89 isolates  0.64 (0 43-0 82) 0.92 (0.83-097) 3-9
Lemus et al.* Cuba/Belgium PM on L] 320 1solates  0.88 (0.69-0.97) 1.00 (0.99-1.00) 10-14
Ani et al." Nigeria PM on LI 70 1solates  0.75(0.19-0.99) 1.00 (0.95-1.00) 10-14
Gupta and Anupurba*"® India PMonLJ 45 sputum samples  1.00(0.79-1.00}) 1.00 (0.88-1.00) 21-28
Gupta et al.' India PMon LI 286 isolates  0.94 (0.89-0.98) 0.99 (0.96-1.00) 7-14
Dixit et al."? India PM on LI 105 isolates  0.98 (0.90-1.00) 0.98 (0.89-1.00) 8-14
Lopez et al Argentina PM on LI 302 1solates  0.55(0.23-0.83) 1.00 (0.98-1.00) 7-14
Fonseca et al.*' Brasil PMon L) 106 1solates  0.86 (0.64-0.97) 0.99 (0.94-1.00) 8.8
Mansur et al. > Brasil PM on LI 57 1solates 1.00 (0. 16-1.00) 0.98 (0.90-1.00) 10
Gupta et al *> India PM on L] 100 sputum samples 0.75 (0.60-0.86) 0.98 (0.89-1.00) 7-14
Sethi etal.”’ India PM on LI 100 isolates  0.94 (0.70-1.00) 1.00 (0.96-1.00) 7-14
Kumar et al.™* India/lUUSA PM on 7THI10 agar 42 isolates 1.00 (0. 16-1.00) 1.00 (0.91-1.00) 8
Mengatto et al® Argentina PM on L) 64 1solates  0.75(0.35-0.97) 0.98 (0.90-1.00) 7-14
Shikama et al.* Brasil/Belgium PM on L)/Bactec MGIT 960 120 1solates  0.97 (0.92-0.99) 0.71 (0.44-0.90) 7-14

*Direct test, TTP: Time to positivity.
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FIG 6 Forest plot of the specificities for EMB. The point estimates of specific-
ities from cach study are shown as dircles. Error bars indicate 95% confidence
intervals.

FIG 5 Forest plot of the sensitivities for EMB. The point estimates of sensitiv-
ities from each study are shown as circles. Error bars indicate 95% confidence
intervals.
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Table S4. Description of studies included in the meta-analysis of STR resistance detection.

References Countries Reference test Samples Sensitivity (%95 CI) Specificity (%95 CI) TTP (day)
Angeby etal ' Sweden Bactec 460 TB 56 1solates  0.95(0.77-1.00) 0.83 (0.66-0.93) 7-14
Coban et al* Turkey PM on L] 80 isolates  0.92 (0.64-1.00) 0.82 (0.71-0.90) 7-14
Montoro et al * Cuba/Belgium PM on L] 100 isolates  0.94 (0.83-0.99) 0.98 (0.90-1.00) 7-14
Martin et al ° Site | Belgium PM on L] 30 1solates  0.75(0.43-0.95) 0.94 (0.73-1.00) 7-14
Site2  Cuba PM on L] 30 1solates  0.12 (0.06-0.21) 1.00 (0.81-1.00) 7-14
Site 3 Argentina PM on L] 30 1solates  0.58 (0.28-0.85) 1.00 (0.81-1.00) 7-14
Sie4  Chile PM on L] 30 1solates  0.92 (0.62-1.00) 0.89 (0.65-0.99) 7-14
Site 5 Peru PM on L] 30 1solates 042 (0.15-0.72) 0.94 (0.73-1.00) 7-14
Musa et al;“’ Argentina/Sweden PMonLJ 130 sputum samples 0.76 (0.53-0.92) 1.00 (0.96-1.00) 10-18
Syre et al” Norway Bactec 460TB 80 1solates  0.73(0.57-0.86) 1.00{0.93-1.00) 39
Lemus et al.* Cuba/Belgium PM on L] 320 isolates  0.97 (0.90-0.99) 0.99(0.97-1.00) 10-14
Anietal " NMigeria PM on L] 70 1solates  0.67 (0.35-0.90) 0.98 (0.91-1.00) 10-14
Gupta and Anupurba*"® India PM on L] 45 sputum samples 0,95 (0.75-1.00) 0.96 (0.80-1.00) 21-28
Gupta et al '® India PM on L] 286 1solates  0.89 (0.82-0.93) 0.94 (0.88-0.97) 7-14
Dixit et al."”’ India PM on L] 105 1solates  0.98 (0.90-1.00) 1.00 (0.93-1.00) 8-14
Lopez et o Argentina PM on L] 302 isolates  0.59(0.41-0.75) 0.99 (0.97-1.00) 7-14
Fonseca et al.*' Brasil PM on L] 106 isolates  0.94 (D.79-0.99) 0.89 (0.80-0.95) 8.8
Mansur et al. Brasil PM on L] 57 1solates  0.89(0.52-1.00) 0.98 (0.89-1.00) 10
Gupta et al ¥+ India PM on L] 100 sputum samples 0.96 (0.87-1.00) 0.84(0.70-093) 7-14
Sethi etal.”’ India PM on L] 100 isolates  1.00 (0.94-1.00) 1.00 (0.94-1.00) 7-14
Mengatto et al® Argentina PM on L] 64 1solates  0.84 (0.60-0.97) 1.00{0.92-1.00) 7-14
Shikama et al.* Brasil/Belgium PM on LI/Bactec MGIT 960 120 isolates  0.99 (0.93-1.00) 0.78 (0.63-0.89) 7-14
Mendoza et al *' Venezuella PM on LJ 59 isolates 033 (0.01-0.91) 1.00(0.92-1.00) 7-14

*Direct test, TTP: Time to positivity.
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FIG 8 Forest plot of the specificities for STR. The point estimates of specific-
ities from each study are shown as circles. Error bars indicate 95% confidence
intervals.

FIG 7 Forest plot of the sensitivities for STR. The point estimates of sensitiv-
ities from each study are shown as dircles. Error bars indicate 95% confidence
intervals.
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Tablo . Calizmaya Katilan Dokuz Merkezde Test Edilen |zolatlann Referans Yéntemlere Direng Dururmian

Merkezler

INH- RIF- Toplam
Mo  Kurum direngli direngli CID  Duyarl  sus sayisi

1 Ondokuz Mayis Univ. Tip Fak. Tibbi 12 0 30 51 93
Mikrobiyoloji AD

2 lstanbul Univ. Istanbul Tip Fak. - - g 10 19
Tibbi Mikrobiyologi AD

3 Atatirk Gogls Hastahikdan ve Gogos 2 4 B 6 20
Cerrahisi EAH Mikrobiyoloji Laboratuvan

4 Dr. S5uat Seren Godls Hastahklan ve Godgls 1 - 9 10 20
Cerrahisi EAH Mikrobiyoloji Laboratuvan

5  Gulhane Askeri Tip Akademisi Tibbi - - 5 15 20
Mikrobiyoloji AD

&  Celal Bayar Univ. Tip Fak. Tibbi - 1 9 10 20
Mikrobiyoloji AD

7 Dokuz Eylil Univ. Tip Fak. Tibbi - 2 B 10 20
Mikrobiyoloji AD

8  Turkive Halk Saghn Kurumu Tlberkiiloz 1 2 11 3 17
Referans Laboratuvan

9 Hacettepe Univ. Tip Fak. Tibbi - - 4 4 B8
Mikrobiyoloji AD

Toplam 16 9 93 119 237

AD: Anabilim Daly EAH: Efitim ve Aragtrma Hastanesi; INH: kzoniazid; RIF: Rifampisin; CID: Cok ilaca direngli (hem
RIF hem IMHye direngli).




Tablo Nl. Referans Yantem ile NRT Sonuglannin Kargilagtimimas:

llaglar NRT Referans yontem Duyarliik  Ozgillik PPD NPD  Uyum
sonuglan R E (%) (%) (90 () (%)
INH R 104 8
S 5 120 95.4 93.7 928 96 4.5
RIF R 101 3
99 97 8 971 99.2 98.3
5 1 132

MRT: Mitrat reduktaz testi, INH: lzoniazid; RIF: Rifampisin; PPD: Pozitif prediktif degjer; MPD: Megatif prediktif dedjer;
R: Dirench;: 5: Duyar.




KRIM

Kolorimetrik redoks indikator metotlar
(KRIM)
— Alamar mavisi ile duyarlilik testi
— Rezasurin ile duyarhlik testi
 Mikrodilisyon yontemi ile
« Tipte kritik konsantrasyon kullanilarak

— Tetrazolium tuzlar: ile duyarhlk testi
¢ MTT
¢ XTT

— Malasit yesili renksizlestirme testi (MYRT)
— Kristal viyole renksizlestirme testi (KVRT)



Alamar mavisi kullanilarak duyarlilik testi

— Duyarlilik testi igin kullanilan ilk redoks
indikatorlerden biri

— Okside durumda mavi renkli

— Bakteriyel metabolizma sonucu redikte
olunca pembe renge doéniiyor

— Renk ayrimi ¢iplak gozle yapilabiliyor



* Calismalarda;
— INH igin;
* Duyarhlik %94-100
+ Ozgiilliik %88-100
— RIF igin;
* Duyarhlik %89-100
» Ozgiillik %97-100
— EMB icin;
* Duyarhlik %95.8
« Ozqiillik %91.7
— STR i¢in;
* Duyarlihk %91.2
» Ozqiilliik %97.8



Rezasurin ile duyarlilik testi

2000'li yillarin basinda;
Nikleik manyetik rezonans ve
Kitle spektrometre analizleri ile

Alamar mavisi ve rezasurinin ayni madde
oldugu anlasildr



* Rezasurin;
— Hiicre canlihigi ve

— Bakteriyel kontaminasyonu analiz etmek igin
kullaniimakta

— Okside durumda floresans vermeyen mavi
bir renk

— Rediikte olunca gligli floresans veren kirmizi
rezorufine doner

— Renk donisumd ¢iplak gozle kolayca
ayrilabilir

— Indirekt duyarlilik testi olarak iiremis
kiltirlerde calisilmaktadir



Rezasurin mikrodiliisyon yontemi ile duyarhlik testleri

1 2 3 4 5 6 7 8 9 10 11 12

. — ——
“\' D

\.\..K. &,
e \ ) _/1-\,

Fig. 1: assessment of rezasurin microtitre assay (REMA) results. Al-
12: positive control wells; B1-12: 1.0 pg/mL for isoniazid (INH) and
2.0 pg/mL for rifampicin (RIF): C1-12: 0.5 pg/mL for INH and 1.0 pg/
mL for RIF: D1-12: 0.25 pg/mL for INH and 0.5 pg/mL for RIF; E1-12:
0.125 pg/mL for INH and 0.25 pg/mL for RIF; F1-12: 0.06 pg/mL for
INH and 0.125 pg/mL for RIF; G1-12: 0.03 pg/mL for INH and 0.06
ug/mL for RIF; H1-12: 0.01 pg/mL for INH and 0.03 pg/mL for RIF.



Tiipte kritik konsantrasyon kullanilarak
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Aims: The present metasanalysis aims to assess the evidence regarding the diagnostic
accuracy and performance characteristics of the colorimetric redox indicator {CRI) assay
with a special emphasis oo the use of the resazunin microtiter assay (REMA) far determina-
tion of primary anti-tuberculesis drug resistance.
Sulbject and methods: By updating previous literature searches in Medline Pubbded, 151 Web,
Web of Scence and Google academic databases of the REMA test for determination of pris
mary antistuberculosis drog resistance, this metas-analysis includes 14 studies for isoniazid
{INH]; 15 studies for rifampicin (RIF); & studies for streptomycn (STR); and 5 studies for eths
ambutol [EME). SROC curve analysis was performed for meta-analysis and diagnostic accus
fACy Was summarized.
Resultss Poaled sensitivity was 56% [S4=58%) for INH, 5% [96=58%) for RIF, 92% (87=06%) far
EME and 52% (88-95%) for STR. Pooled specificity for INH, RIF, EME and STE was 968% [95=
G2, 99% (98-9K), BeN (H1-R9%) and SO% (B7-93%), respectively. Susceptihility testing
results had been chtained in S=3 days.
Conclesion: In conclusion, REBMA seems ta be a reliahle test for the determimation of multis
drug resistant (MDE) isclates in labaratories with limited resources. However, few studies
for STR and EME have been found, and costesfleciiveness studies need to be determined
to recommend its widespread use.

© 2014 Asian-African Society for Mycobactericlogy. Published by Elsevier Ltd. All rights
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Table 1 - Description of studies incduded in the meta-analysis of INH resistance detection.

References Countries Eeference text Hou Sensitnaty Specihcity TTP
isolates  (95% CI) [95% CI) {day)
Drixit =t al [12] India M on L] 105 0.53 (0.E2-0.5&) 098 (0891000 A&
Bwanga et al. [14] Uganda/Sweden P on L] 1 088 (0.64-0.99) O57 (0.29-081) 8
Montoro =t al. [15] Cuba/Balgium PM on L] 100 100 (092-1.00) 09 (0E7-1000 A&
Palomino et al. [16] Belgium/Bolivia/Peru P on L] &0 100 (0593-1.00) 09 (0.80-1000 8
Martin =t al. |10
Site 1 Balgium FM on L] g1 1.00 (0.F4-1.00) 1.00(0.E1-1.000 A&
Site 2 Argentina M on L] £ 100 (0741000 1.00(0E81-1009 &
Site 3 Cuba PM on L] a0 100 (0.F4-1.00) 094 (0731000 &
Site 4 Brazil P on L] g1 100 (0741000 09 (0731000 8
Site 5 Colombia FM on L] £ 1.00 (0.65-1.00) 1.00 (0751000 &
Site & Chile FM on L] g1 0.52 (0.62-1.00) 1.00 (0.81-1.000 A&
Site 7 Hicaragua P on L] 0 0.52 (0.62-1.00) 094 [0.73-1.000 &
Rivoire =t al. [17] Madagascar/Belgium PM on L] 7 0.55 (0.E83-059) 097 (0.86~1000 A&
Affolabi et al [18] Benin/BelgiumyFrance  PM on L] 151 100 (0851000 1.00(0597-1000 8
Rondon =t al. [19] Venerusla/UISA PM on FTH10 agar 155 079 (0.66-0.89) 096 (0.90-09% A&
Martin et al. |20 Balgium/Argentina FM on L] 149 0.59 (0.95-1.00) 1.00 (0.B8-1000 A&
Colombia'Sweden
Coban =t al [11] Turkey Bactec 4560 TH 50 1.00 (0E7=1.00) 092 (0.73-049% &85
Iglesia =t al. [21] Argentina PM on FH11 agar &9 100 (0851000 094 (0.B2-09% 8
Coban =t al [22] Turkey Bactec 460 TEB/MGIT 960 73 1.00 (0.E85-1.00) 090 (0F7-0497) 8
Hateche et al. [23] Algena/Belgium P on L] 136 1.00 (0.B0-1.00) 092 (05941000 8
Banfi et al [24] Italy PM on FTH11 agar 13 1.00 (0.48-1.00) 1.00 (0.63-1.000 A&

TTF: Tirme to positvity




Sensitivity (95% CI)

Dixit et al, 2012 0,83 (0,82-098)

Bwanga et al. 2010 0,88 (0,64 -0,89)

Montoro et al. 2005 1,00 {0,92-1.00)

Palomina et al. 2002 1,00 0,93-1,00)

Martin et al. 2005 1,00 (0,74 -1.00)

Martin et al. 2005 1,00 (0,74 - 1,00)

Martin et al. 2005 1,00 (0,74 -1,00)

Martin et al. 2005 1,00 (0,74 -1,00)

Martin et al. 2005 1,00 (0,69 -1,00)

Martin et al. 2005 0,82 (0,62-1,00)

Martin et al. 2005 082 (062-1,00)

Rivoire et al. 2007 0,85 (0,B83-089)

Affolabi et al. 2008 1,00 (0,83-1,00)

Rondon et al. 2011 0,79 (0,66 - 0,89) D | I k o/ 88 100
Martin et al. 2011 0,88 (0,85-1,00) : -
Coban et al. 2006 1,00 (0,87 -1,00) UYGP " °
Coban et al. 2012 1,00 ¢0,89-1,00)

Mateche et al. 2006 1,00 (0,80-1,00)

Iglesia et al. 2008 1,00 (0,85-1,00)

Banfi et al. 2003 1,00 (0,48-1,00)

Pooled Sensitivity = 0,96 (0,84 to 0,98)

Chi-square = 53,85; df = 18 (p = 0,0000)

0 02 04 0.6 0ng 1 Inconsistency (l-square) = 647 9%
Sensitivity

Figure 1. Forest plot of the sensitivity for INH assay. The point estimates of sensitivity from

each study are shown as circles. Error bars 95% confidence intervals.
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Rondon et al. 2011
Martin et al. 2011
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Pooled Specificity = 0,96 (0,95 to 0,98)

Specificity (95% Cl)

(0,88 - 1,00)
(0,29 - 0,82)
(0,87 - 1,00)
(0,80 - 1,00)
(0,81 - 1,00}
(0,81 - 1,00)
(0,73 - 1,00)
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(0,75 - 1,00)
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(0,73 - 1,00)
(0,86 - 1,00)
(0,97 - 1,00)
(0,90 - 0,99)
(0,88 - 1,00)
(0,73 - 0,99)
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(0,94 - 1,00)
(0,82 - 0,99)
(0,63 - 1,00)

Chi-sguara = 45,93, df = 19 (p = 0,0005)
Inconsistency (l-square) = 58,6 %

each study are shown as circles. Error bars 95% confidence intervals.

Figure 2. Forest plot of the specificity for INH assay. The point estimates of specificity from

Ozgiilliik: %57-100



able ¥ - Description of studies included in the meta-analysis of RIF resistance detection.

References Countries Refrrence ko, Sensitivity Specificity TTE
tmst imolates (%05 CI) 95 CI) (day)
Dixit et al. [12] Ind:ia P on L) 105 0.95 [0.B5-D9% 1.00{093-1.00) 8
Bwanga =t al. [14] UgandafSweden P on L) I 071 [0D42-0597) 094 071-1.00) 8
Montoro =t al. [15] CubafBelgium M on L) 100 1.00 0.91-1.000 098 {p91-1.00) &
Palomino et al. [16] Belgium/Bolvia/Peru PM on L) 80 1.00 [0.93-1.000 1.000A8%-1.00) B
Martin et al [10]
Site 1 Belgium M on L) 30 1.00 (0.78-1.000 1.00f{07E-1.00) &
Site 2 Amgentina P on L) 30 1.00 [0.78-1.000 1.00{.78-1.00) B
Site 3 Cuba M on L) 30 093 (068-1.000 1.00{07E-1.00) &
Site 4 Braxil P on L) 30 1.00 [0.78-1.000 1.00{.78-1.00) B
Site 5 Colombia P on L) 30 1.00 0741000 1.004{072-1.00) B
Site & Chile M on L) 30 1.00 (0.78-1.000 1.00f{07E-1.00) &
Site 7 Micaragua P on L) 30 0.93 [0.68-1.000 Q.93 {D&6E-1.00) B
Eivaire et al. [17] Madagascar/Belgium  PM on L[] 77 095 0751000 1.00{094-1.00) 8
Affolabi et al. [18] Benin'BelgnumdFrance P on L] 151 094 (0.70-1.000 1.00{0497-1.00) &
Rondon =t al [19] Venezuella/T54 M on 7TH10 agar 155 080 (0.59-093) (.98 {093-1.00) &8
Martin et al [20] Belgium/Argentina)/ P on L) 149 1.00 [0.97-1.000 0.94 {81-0.99) B
Colombia/Sweden
Coban et al. [11] Turkey Bactec 460 TE 50 1.00 (0.81-1.000 1.00 {0A5%-1.00) &9
Iglesia et al. [1)] Amgentina PN on 7H11 agar 69 1.00 081000 098 {DAE-1.00) B
Coban =t al. [27] Turkey Bactec 450 TE/MGIT 950 273 091 (0.72-009% 1.00{093-1.00) &
Mateche et al. [23]  Algeria/Belgrum P on L) 136 1.00 [0.74-1.000 099 {D9&1.00) B
Banh et al. [24] Italy PN on 7H11 agar 13 1.00 [0,39-1.000 1.00 {61000 9
Lemus =t al. [25] Cuba/Belgium M on L) 20 1.00 (0.69-1.000 1.00{065-1.00) &

TTF: Time io posIiviiy.
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Figure 4. Forest plot of the sensitivity for RIF analysis. The point estimates of sensitivity
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from each study are shown as circles. Error bars 95% confidence intervals.
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(0,85 - 0,99)
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{0.78- 1,00)
(0.68 - 1,00)
{0,78-1,00)
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(0,68 - 1,00)
{0.75- 1,00)
(0.70 - 1,00)
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(0.81 - 1,00)
(0,72 -0,89)
{0,69 - 1,00}
{0,74 - 1,00)
(0.86 - 1,00)
(0.40 - 1,00)
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Dixit et al, 2012
Bwanga et al. 2010
Montoro &t al. 2005
Palomina et al. 2002
Martin et al. 2005

Martin et al. 2005
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Martin et al. 2005
Martin et al. 2005
Martin et al. 2005
Martin et al. 2005
Rivoire et al. 2007
Affolabi et al. 2008
Rondon et al. 2011
Martin et al. 2011
Coban et al. 2006
Coban et al. 2012
Lemus et al, 2004
Mateche et al. 2006
Iglesia et al. 2008
Banfi et al 2003
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from each study are shown as circles. Error bars 95% confidence intervals.

Figure 5. Forest plot of the specificity for RIF analysis. The point estimates of specificity

Ozgiillik: %93-100



Table 3 — Description of studies included in the meta-analysis of EMB resistance detection.

References Countries Reference test No. isolates Sensitivity (%95 CI) Specificity (%95 CI) TTP (day)
Dixit et al. [12] India PM on LJ 105 0.84 (0.71-0.92) 0.94 (0.83-0.99) 8
Montoro et al. [15] Cuba/Belgium PM on L] 100 0.94 (0.71-1.00) 0.58 (0.46-0.69) 8
Martin et al. [10]
Site 1 Belgium PM on LJ 30 0.89 (0.52-1.00) 0.95 (0.76-1.00) 8
Site 2 Argentina PM on LJ 30 1.00 (0.66-1.00) 1.00 (0.84-1.00) 8
Site 3 Cuba PMon L] 30 1.00 (0.66-1.00) 0.95 (0.76-1.00) 3
Site 4 Brazil PMon L] 30 1.00 (0.66-1.00) 0.95 (0.76-1.00) 3
Site 5 Colombia PMon LJ 30 1.00 (0.63-1.00) 1.00 (0.78-1.00) 8
Site 6 Chile PMon LJ 30 1.00 (0.66-1.00) 1.00 (0.84-1.00) 8
Site 7 Nicaragua PM on LJ 30 0.89 (0.52-1.00) 0.90 (0.68-0.99) 8
Banfi et al. [24] Italy PM on 7H11 agar 13 1.00 (0.39-1.00) 1.00 (0.66-1.00) 9
Jadaun et al. [26]  India PMon LJ S0 0.97 (0.83-1.00) 1.00 (0.82-1.00) 89

TTP: Time to positivity.



Sensitivity (85% CI)
Dixit et al. 2012 084 (0.71-082)
-~ Montoro et al, 2005 084 (0,71-1,00)
| Martin et al. 2005 0,89 (0,52-1.00)
Martin et al. 2005 1,00 (0,66-1,00)
Martin et al. 2005 1,00 (0,66-1.,00)
Martin et al. 2005 1,00 (0.66-1.00)
Martin et al. 2005 1,00 (0,63-1.00)
Martin et al. 2005 1,00 (0,66 -1,00)
Martin et al, 2005 0,89 (0,52-1.00)
Jadaun et al, 2007 0,97 (0,83-1,00)
Banf et al. 2003 1,00 (0,40-1,00)
. ©
Pooled Sensitivity = 0,92 (0,87 to 0,96) DUYGr'I ihk: %75-100
Chi-square = 13,64, of = 10 (p = 0,1800)
0 02 04 086 08 1 Inconsistency (l-square) = 28,7 %
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Fig. 7 - Forest plot of the sensitivity for EMB. The point estimates of sensitivity from each study are shown as circles. Error
bars 95% confidence intervals.

. Specificity (95% Cl)
Dixit ot al, 2012 084 (083-0099)
Montoro et al. 2005 0,58 (0,46-0,69)
Martin &t al. 2005 095 (0,76-1,00)
Martin et al. 2005 1,00 (084-1,00)
Martin et al. 2005 085 (0,76-1,00)
Martin et al. 2005 095 (0,76-1.00)
Martin &t al. 2005 1,00 (0,78-1,00)
Martin et al. 2005 1,00 (0,84-1,00)
Martin et al. 2005 080 (0,68-0.99)
Jadaun et al, 2007 1,00 (082-1.00)
Banfl et al. 2003 1,00 (066-1,00)
o~ oo oo . [-)
Pooled Specificity = 0,86 (0,81 to 0,89)
Chi-square = 74,05; of = 10 (p = 0,0000)
0 02 04 086 08 1 Inconsistency (l-square) = 86,5 %
Specificity

Fig. 8 - Forest plot of the specificity for EMB. The point estimates of specificity from each study are shown as circles. Error bars
95% confidence intervals.



Table 4 — Description of studies included in the meta-analysis of STR resistance detection.

References

Countries

Reference test

No. isolates Sensitivity (%95 CI) Specificity (%95 CI)

TTP (day)

Dixit et al. [12]

Montoro et al. [15]
Martin et al. [10]

Site 1
Site 2
Site 3
Site 4
Site 5
Site 6
Site 7

Rondén et al. [19]
Iglesia et al. [21]

Banh et al. [24]

India
Cuba/Belgium

Belgium
Argentina
Cuba
Brazil
Colombia
Chile
Nicaragua

Venezuella/USA

Argentina
Italy

PM on L] 105
PM on L] 100
PM on L] 30
PM on L] 30
PM on L] 30
PM on L] 30
PM on L] 30
PM on L] 30
PM on L] 30

PM on 7H10 agar 155
PM on 7H11 agar 69
PM on 7H11 agar 13

0.87 (0.76-0.95)
0.94 (0.83-0.99)

0.83 (0.52-0.98)
1.00 (0.74-1.00)
0.92 (0.62-1.00)
0.75 (0.43-0.95)
1.00 (0.66-1.00)
0.92 (0.62-1.00)
0.92 (0.62-1.00)
0.92 (0.82-0.97)
1.00 (0.82-1.00)
1.00 (0.54-1.00)

0.96 (0.86-1.00)
0.88 (0.77-0.96)

0.72 (0.47-0.90)
0.83 (0.59-0.96)
0.78 (0.52-0.94)
1.00 (0.81-1.00)
0.79 (0.49-0.95)
0.83 (0.59-0.96)
0.83 (0.59-0.96)
0.96 (0.89-0.99)
0.94 (0.83-0.99)
1.00 (0.59-1.00)

8
8

WO 00 00 0D 00 00 OO 00 0D 00

TTP: Time to positivity.
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Fig. 10 - Forest plot of the sensitivity for STR. The point estimates of sensitivity from each study are shown as circles. Error

bars 95% confidence intervals.
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Fig. 11 - Forest plot of the specificity for STR. The point estimates of specificity from each study are shown as circles. Error

bars 95% confidence intervals.

Sensitivity (5% CI)

Dixit ot al. 2012 087 (0,76-0,95)
Montoro et &l 2005 084 (083-089)
Martin ot al. 2005 083 (052-068)
Martn &t sl 2005 1,00 (0,74-1.00)
Martn et &l 2005 082 (062-1.00)
Martn ot al. 2006 0,75 (0,43-0,95)
Martn et al. 2005 1.00 (0,66- 1,00
Martin et al. 2005 092 (0,62-1.00)
Martin ot al. 2005 0952 (082-1.00
Rondon et al. 2011 0,82 (082-097)
Ighesia at al, 2009 1.00 (082-1.00)
Banfi et al. 2003 1,00 (0,54-1,00)

Pooled Senstvity = 0,92 (0,88 to 0,85)
Chi-square = 1337;df = 11 (p = 0,2689)
Inconsistency (-square) = 17,7 %

Specificity (95% CI)
Dixit et al. 2012 098 (0.88-100)
Montoro et al. 2005 068 (0,77-0,96)
Martin et al. 2005 0,72 (047-0,80)
Martin et al. 2005 083 (0,59-0,96)
Martin et al. 2005 078 (0,52-0,84)
Martin et al. 2005 1,00 (0.81-1,00)
Martin et al. 2005 0,79 (0.49-0395)
Martin et al. 2005 083 (0,59-0,96)
Martin et al. 2005 083 (0.59-096)
Rondon et al. 2011 0956 (089-0299)
Iglesia et al. 2009 084 (083-099)
Banfi et al, 2003 1,00 (0,59-1,00)

Pooled Specificity = 0,80 (0,87 to 0,83)
Chi-square = 23,38, df = 11 (p = 0,0156)
Inconsistency (l-square) = 53,0 %

Duyarhlik: 7%75-100

Ozgiillik: %72.2-100



« PZA;
— Duyarlilik: %97-100
— Ozqiilliik: %97.7-100

» Tkinci kusak antitiiberkiiloz ilaglar icin
de uygun oldugu raporlanmis



Tetrazolium tuzlari kullanilarak duyarlilik testleri

° MI I (3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl tetrazolium br'omide):
— Okside durumda sari renkli

— Metabolik aktif hiicrelerin dehidrogenazi ile
rediklenince,
* Coziilmeyen mor MTT formazon kristelleri
olusuyor
« ¢ozildiikten sonra 570nm'de olgiilebiliyor
(Coziicl SDS ile dimetilformamid karisimi)

* Ciplak gozle de sari renkten mor renge donisim
gozlenerek te test sonuglandirilabiliyor



» 7 glinlik inkiibasyon sonrasi
—10 pyl MTT (5 g/L) soliisyonu eklenir
— Bir gece inkiibasyon

— Mor formazon kristalleri var ise 50 pl
SDS/DMF eklenir

— 3 saat inkiibasyon sari renkten mor renge
donusim bakteriyel lremeyi gosterir



* Calismalarda;
— INH igin;
* Duyarliik %77-100
» Ozgiillik %86-100
— RIF igin;
* Duyarhlik %71-100
« Ozqiillik %93.2-100
— Indirekt duyarlilik test sonuglari 4-17 giinde
elde edilmis
— Direkt test 69 balgam 6rneginde RIF igin bir
¢alismada uygulanmis

« Sonuglar 7-21 glinde elde edilmis
« Uyum %100



PZA,

— Duyarhhk: %97

— Ozgiillik: %99.6
EMB;

— Duyarlilik: %80-100
— Ozgiilliik: %71.1-100
STR;

— Duyarlilik: %75-100
— Ozgiilliik: %78.6-100
Tkinci kusak ilaglar;
— Duyarhlik: 7%85.7-100
— Ozgiilliik: %90-100



¢ XI I (2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino)car-bonyl]-2H-
tetrazoliumhydroxide) :

— Rediikte olunca suda ¢6ziinen formazon
olusuyor
— Suda ¢ozlinmesi ilave islem gerektirmeden
degerlendirmeyi sagliyor
— Literatirde 3 ¢alisma mevcut
— INH ve RIF igin uyum %100
— Sonuclar;
 RIF igin 3-6 giinde
« INH igin 8 glinde elde edilmis
— MTTye ustinligi;
 Olusan formazon kristallerinin suda ¢oziinir olmasi
» Tlave iglem gerektirmez



Example: MTT and XTT




Malasit yesili renksizlestirme testi (MYRT)

* Malasit yesili bir trifenilmetan boyasidir
— Memeli hiicrelerine toksiktir
— Antimikrobiyal etkisi vardir
— Antifungal 6zelligi de vardir
— Mikobakteriler direnclidir
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The malachite green microtube (MGMT) susceptibility assay was performed directly on sputum specimens
(m = 80) and indirectly on Mycobacterium tuberculosis clinical isolates (n = 60). The technigue is based on the
malachite green dye, which changes color in response to M. fuberculosis growth. The MGMT assay is simple and

rapid and does not require expensive instruments.

Recent advances in technology have mtroduced many rapid
and reliable methods o diferentiate between susceptible and
resistant Myeobacterium tuberculosis strains (7, 10, 12, 16).
However, due to their high cost and equipment requirement,
these new methods are not feasible in the chmeal laboratories
ol developing countries in the diagnosis of tuberculosis (TB).
Instead. these countries use the proportional method, which is
very tme-consuming (2, 11). Consequently, physicians base
their diagnosis of TB on microscopy results. Therefore, sup-
plementary rapid and reliable methods are highly needed for
clinical laboratories with limited resources. In 1995, Yajko
et al. (15) used an oxadation-reduction indicator, Alamar blue,
which changes color ILEPIJI]% to the growing hd.LT.LIIH In

WUVA sevan Adras nccnbasdasd al alailioes ~d BF ac bk o Tonln la nmas

accuracy and feasibility of the MGMT assay were compared to
those of the standard LT culture method for drug susceptibility
testing.

Sputum specimens were digested and decontamnated by
the Petroff method with a 2% final concentration of NaOH.
Following digestion for 15 mun, the samples were centrifuged
at 3,000 = g for 30 min and decanted, leaving 1 to 2 ml of
sediment (2, 11). The remaining sediments were reconstituted
in 2 ml of sterile phosphate-buffered saline. Two hundred
microliters of this suspension was inoculated onto each LI
culture slant, and 100 pl was inoculated into each microtube
contaiming 100 pl of THyGC broth with or without added drugs
(4). All cultures were incubated at 37°C for up to 8 weeks. The



FIG. 1. In response to bacterial growth, the malachite green indi-
cator changes in color from green to the total loss of color.



(4). All cultures were incubated at 37°C for up to 8 weeks. The
drugs and their final concentrations in the malachite green

microtubes were as follows: 1sonizid (INH). 0.2 pe/ml; strep-
tomycin, 10 pg/ml: ethambutol, 2 pe/ml: rifampin (RF). 40 pe/ml:
caperomyein, 10 pe/ml; ciprofloxacin, 2 pe/ml: cvcloserine, 30
pe/ml; ethionamide, 20 pg/ml; kanamycin, 20 pe/ml; and ofioxa-

cin, 2 pg/ml (14). The drug concentrations were chosen according
to the protocols of the World Health Organization (14) and
Franzblau et al. (3). As the length of incubation needed for

sufficient metabolic activity to ooccur can vary from strain to strain,
three control microtubes were included in each test mun. The

samples were tested after 7, 14, and 21 days of incubation by
adding 50 pl of a 0.02-pg/ml solution of malachite green (Merck,

Germany) to the control tubes and documenting whether a color
change occurred. If the green color disappeared (tube contents



TABLE 2. Comparison of malachite green microtube assay results with proportional method results (60 stock cultures)
Mo. of sirains with the following resulr™

% i . o
Drug® Susceptible by Resistant by Resistant by MG, Sensitive by MG, mﬁmﬁﬂ: Sensitivity (%) Specificity (%)
both both sensitive by LT resistant by LJ
ot | 25 20 3 4 | BT B
INH a0 £l i ] 101 1000 106
RF a0 i} ] ] 101 100 100
ETE 24 28 5 3 &6 L1 B2
CIP 53 T ] ] 101 100 100
] &5 3 1 1 B 75 08
OF 53 3 3 L T4 04
CAP 55 ! 1 1 06 T4 08
ETH 449 3 i) 2 bt i al B
PaAFE 55 ! 1 1 b T4 08
EAN 54 4 1 1 b 1] 08
AM &1 ! 3 3 o 1] 04

“ Abbreviations: AM, ampicilling CAP, caperomycing CIP, dprofloxacing DC, doxyeycline; ETE, ethambutol; ETH, erythromycin: INH, sondzid, KAN, kanamyein
OF. ofloxacin; FAZ, pyrazinamide; RF, rifampin; SM, streptomycin.

" MG, malachile green microtube susceptibility assay; L, Liwenstein-Jensen calture mediom.

* The average sensitivity for all drogs studied was B0.5%.

“ The average specificy for all drugs studied was 95%.
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Rapid detection of multidrug-resistant Mycobacterium tuberculosis
using the malachite green decolourisation assay

Ahmet Yilmaz Coban'/*, Meltem Uzun®

'Department of Medical Microbiology, Medical School, Ondokuz Mayis University, Samsun, Turkey
2Department of Medical Microbiology, Istanbul Medical School, Istanbul University, Istanbul, Turkey

Early detection of drug resistance in Mycobacterium tuberculosis isolates allows for earlier and more effective
treatment of patients. The aim of this study was to invesiigate the performance of the malachite green decolourisa-
tion assay (MGDA) in detecting isoniazid (INH) and rifampicin (RIF) resistance in M. tuberculosis clinical isolates.
Fifty M. tuberculosis iselates, including 19 multidrug-resistant, eight INH-resistant and 23 INH and RIF-susceptible
samples, were tested. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV)
and agreement of the assay for INH were 92.5%, 91.3%, 92.5%, 91.3% and 92%, respectively. Similarly, the sensitiv-
ity, specificity, PPV, NPV and agreement of the assay for RIF were 94.7%, 100%, 100%, 96.8% and 98%, respec-
tively. There was a major discrepancy in the tests of two isolates, as they were sensitive to INH by the MGDA tesi,
but resistant by the reference method. There was a minor discrepancy in the tests of twe additional isolates, as they
were sensitive to INH by the reference method, but resistant by the MGDA test. The drug susceptibility test results
were obtained within eight-nine days. In conclusion, the MGDA test is a reliable and accurate method for the rapid
detection of INH and RIF resistance compared with the reference method and the MGDA test additionally requires
less time to obtain results.

Key words: Mycobacterium fuberculosis - malachite green decolourisation assay - susceptibility testing - isoniazid - rifampicin

Early detection of drug resistance in Mycobacierium
tuberculosis isolates allows for appropriate and timely
treatment (Martin et al. 2008). There are many well-
defined phenotypic methods for testing the drug sus-
ceptibility of M. fuberculosis. The proportion method,
performed on Lowenstein-Jensen and THI10 or TH11 agar
media, is recommended as a reference method. However,
this method requires at least three-six weeks to obtain
results (Kent & Kubica 1985). There are also rapid au-

trmatad cuctome fnr Arae coccantihilibe toctinege The

ported that the colourimetric malachite green decolouri-
sation assay (MGDA) could be used for the rapid detec-
tion of resistance.

The aim of this study was to investigate the perfor-
mance of the MGDA test for the detection of 1soniazid
(INH) and rifampicin (RIF) resistance in M. fuberculo-
sis clinical 1solates.

MATERIALS AND METHODS

Ractorial iealatee o« Fiftwv M fuhereulace denlates

A: negative control (not contain drug and bacteria); B: positive growth
control; C: isoniazid-susceptible (there is no growth, colour was not
decolourised); D: rifampicin-resistant (decolourisation was observed
due to bacterial growth).



A: negative control (not contain drug and bactenia); B: positive growth
control; C: isoniazid-susceptible (there is no growth, colour was not
decolourised); D: nfampicin-resistant (decolourisation was observed
duc to bacterial growth).

e e Aae das e Ara Aea AU w4 A saas e
sequestration in the lipid fraction of the cells (Jones &
Falkinham 2003).

Gelman et al. (2012) reported that MG interfered
with the recovery of mycobacteria on solid culture me-
dia following exposure to certain antibiotics, including
INH and ethionamide (ETM), that target cell wall bio-
genesis. This interference did not affect the test results
for INH sensitivity because MG was used to determine
the viability of bacteria in this test.

Farmia et al. (2008) reported that MGDA could be
used for the rapid detection of drug susceptibilities of M.

TABLE
Comparing the results of malachite green decolourisation assay (MGDA) with those obtained with reference method

Reference method

(n)
Sensitivity  Specificity PPV NPV Agreement
Drug  MGDA R S (%) (%) (%) (%) (%)
INH R 25 2 92.5 91.3 92.5 913 92
S 2 21
RIF R 18 0 947 100 100 96.8 98
S 1 3l

INH: isoniazid; NPV: negative predictive value; PPV: positive predictive value; R: resistant; RIF: rifampicin; S: susceptible.



Kristal viyole renksizlestirme testi

» Kristal viyole (Gentin viyole) bir
trifenilmetan boyasidir

— Memeli hicrelerine toksiktir
— Antimikrobiyal etkisi vadir
— Antifungal ozelligi vardir

— Mikobakteriler direnclidir

» Histolojik preparatlarda ve Gram
boyamasinda kullanilir

 Topikal antiseptiktir
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A new rapid colourimetric method for testing Mycobacterium
tuberculosis susceptibility to isoniazid and rifampicin:
a crystal violet decolourisation assay

Ahmet Yilmaz Coban/*

Department of Medical Microbiology, Medical School, Ondokuz Mayis University, Samsun, Turkey

The aim aof this study was to investigate the performance of a new and accurate method for the detection of

izoniazid (INH) and rifampicin (RIF) resistance among Mycobacterium tuberculosis isolates using a cryvstal vialet
decolourisation assay (CVDA) Fifiy-five M. tuberculosis isolates obrained from culture stocks stored at -80°C were
tested. After bacterial inoculation, the samples were incubated at 37°C for seven days and 100 ul of CV {25 mg/L
stock solution) was then added to the control and sample tubes. The tubes were incubated for an additional 24-48
h. CV {blue/purple) was decolourised in the presence of bacterial growth; thus, if CV lost its colour in a sample
containing a drug, the tested isolate was reported as resisiant. The sensitivity, specificity, positive predictive value,
negative predictive value and agreement for INH were 92 5%, 96.4%, 96.1%, 93.1% and 94 5%, respectively, and
BE.8%, 100%, 100%, 94.8% and 96.3%, respectively, for RIF. The results were obtained within eight-nine days. This
study shows that CVDA is an effective method to detect M. tuberculosis resistance to INH and RIF in developing
countries. This method is rapid, simple and inexpensive. Nonetheless, further studies are necessary before routine
laboratory implementation.

Key words: Mycobacterium tuberculosis - multidrug resistance - susceptibility testing
- isoniazid - rifampicin - crystal violet decolourisation assay

Tuberculosis 1s a major public health problem, partic-
ularly in developing countries. Mycobacterium tubercu-
losis isolates that are resistant to at least rifampicin (RI1F)
and isoniazid (INH) are defined as multidrug resistant
(MDR). As drug resistance is a serious problem for con-
trol programmes, there 15 a need for new, rapid and ac-
curate drug susceptibility tests for the diagnosis of MDR
tuberculosis isolates (Martin et al. 2007). Indeed, the

anrlir datantion AF e cacictamnaa sm U dchamasalaeie feme

non-radiometric method, but has a high cost, which is the
main disadvantage (Martin et al. 2007).

Recently, inexpensive, rapid and reliable colourimet-
ric methods have attracted increased interest; of these,
the resazurin microplate method and the nitrate re-
ductase assay are the most popular (Angeby et al. 2002,
Palomino et al. 2002, Syre et al. 2003, Coban et al. 2004,
Martin et al. 2005, Montoro et al. 2005, Bwanga et al.

AN Thaiwad st sl WHTT MCrvretal saalas (W 50 s frinbh

olourisation assay for M. tuberculosis » Ahmet Ymaz Coban 247

Fig. 1: blue/purple colour - there is no any hacterial growth. De-
cobourisation - there is bacterial growth, ATOC 34838 .« nfampicin
(RIF )-resi dard strain. A:neg contral ube without drag
or bacteria; B: positive control tube with bacteria without drug: C: test
tube with RIF (resistant to RIF) D: test tube with isoniazid (INH)
{susceptible 10 INH).

Flg. Z: bluefparple mhur there is no any bacterial growth. De-

- there is b | growth. A climical meltidrug resis.
1ant isolate - resistant to iscnlazid (INH) and nfampicsn (RIF)L A:
negative control tube without drug or bacteria; B: positive controd
tube with bacseria without drug: C: test tube with INH (resistant o
INH) Dx test tabe with RIF (resistant to RIF).

F|g,3.biwlp-'#ecdour lh:mummyhgmrnlgmm.bc
- there is b ! growth. A ¢l | isolate - suscep-

tible 10 to isomiazid (INH) and rifampicin (R1F). A: negative control
tube without drug or bacteria; B: positive controd tube with bacteria
without drug; C: test tube with RIF (susceptible 10 RIF) Dr sest tube
with INH (sesceptible to INH).
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TABLE
Comparing the resulis of crystal violet decolourisation assay (CVDA) with those obtained with reference method

Reference method=

460TB/MGIT
Sensitivity  Specificity PPV NPV Agreement
Drug  CVDA R s (%a) (%) (%a) (Ya) (%a)
INH R 18/7 /1 925 964 96.1 93.1 94.5
5 02 27 - - - - -
RIF R 16/0 0/0 BE_B 100 100 948 96.3
5 20 37 - - - - -

a: automated systems included BACTEC 460 TB and MGIT 960 were used as reference methods; INH: isoniazid; NPV: nega-
tive predictive value; PPV: positive predictive value; R: resistant; RIF: rifampicin; 5: sensitive.
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Evaluation of four colourimetric susceptibility tests for the rapid
detection of multidrug-resistant Mycobacterium tuberculosis isolates

Ahmet Yilmaz Coban'/*, Ahmet Ugur Akbal', Meltem Uzun?, Belma Durupinar’

"Ondokuz Mayis University, Medical School Samsun, Department of Medical Microbiology, Samsun, Turkey
}Istanbul University, Istanbul Medical School, Department of Medical Microbiology, Istanbul, Turkey

The purpose of this study is to evaluate four rapid colourimetric methods, including the resazurin microtitre
assay (REMA), malachite green decolourisation assay (MGDA), micraplate nitrate reductase assay (MNRA) and
crystal violet decolourisation assay (CVDA), for the rapid detection of multidrug-resistant (MDR) tuberculosis. Fifty
Mycobacterium tuberculosis isolates were used in this study. Eighteen isolates were MDR, two isolates were only
resistant to isomazid (INH) and the remaining isolates were susceptible to both INH and rifampicin {RIF). INH and
RIF were tested in 0.25 yg/ml and 0.5 pyg/mL, respectively. The agar proportion method was used as a reference
method. MNRA and REMA were performed with some modifications. MGDA and CVDA were performed as defined
in the literature. The agreements of the MNRA for INH and RIF were 96% and 94%, respectively, while the agree-
ment of the other assays for INH and RIF were 98%. In this study, while the specificities af the REMA, MDA and
CVDA were 100%, the specificity of the MNRA was lower than the others (93.3% for INH and 90.9% for RIF). In ad-
dition, while the sensitivity of the MNRA was 100%, the sensitivities af the others were lower than that of the MNRA
(from 94 1-95%). The results were reporited on the seventh-10th day of the incubation. All methods are reliable, easy
to perform, inexpensive and easy to evaluate and do not require special equipment.

Key words: resazurin microtitre assayv - malachite green decolourisation assav - microplate nitrate reductase assay -
crystal violet decolourisation assay - multidrug-resistant tuberculosis




Growth control well. Ifa
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growth, susceptible 1solate.

Antibiotic containing

I € well. There 15 bacterial

growth, resistant isolate.

Fig. 1: microtitre nitrate reductase assay.

Growth control well.

1f the malachite green 3
decolourised, there 1s

bacterial growth.

Antibiotic contain-

ing well. There is no >

any bacterial growth,
susceptible isolate.

Fig. 3: malachite green decolourisation assay.

Growth control well.
1f the malachute green
decolourised, there is
bacterial growth.

Antibiotic containing
well. There 15 bacterial
growth, resistant 1solate.

Growth control well. If
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bacterial growth. bacterial growth.
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ing well. There 1s no ing well. There is
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Fig, 2: resazurin microtitre assay.
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Antibiotic containing
€¢Il There is bactcrial

growth, resistant isolate.

Fig. 4: crystal violet decolourisation assay.



TABLE

Comparing the results of colourimetric methods with those obtained with reference method

Reference method®

Dirug Specificity  Sensitivity PPV NPV Agreement
(%8) MNRA R 5 (*a) (%) (%e) (%a) (%a)
INH R 20 2 B33 100 Q0.9 1040 i
B 5 0 28
RIF R 17 3 S0.9 100 B3 1040 94
54 5 ] 30

REMA
INH R 19 0 100 a5 100 96.7 L
e 5 1 30
RIF R 16 0 100 a4.1 100 a7 L
98 5 1 i3

MUGDA
INH R 19 0 100 5 100 96.7 98
e 5 1 30
RIF R 16y 0 100 4.1 100 97 98
e 5 1 33

CVDA
INH R 19 0 100 a5 100 96.7 L
98 5 1 30
RIF E 16 0 100 4.1 100 o7 L
e 5 1 i3

o agar proportion method on THIT agar, CVDA: crystal violet decolourisation assay; INH: 1somazid, MGDA: malachite green
decolourisation assay, MNREA: microtitre nitrate reductase assay, NPV: negative predictive value; PPV positive predictive value;
R: resistant; REMA: resazurin microtitre assay, RIF: rifampicin; 5: susceptible.
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Evaluation of crystal violet decolorization assay for minimal
inhibitory concentration detection of primary antituberculosis
drugs against Mycobacterium tuberculosis isolates*

Ahmet Yilmaz Coban'/*, Ahmet Ugur Akbal', Meltem Uzun?,
Yeliz Tanriverdi Cayci', Asuman Birinci’, Belma Durupinar’

'Ondokuz Mayis University Medical School, Department of Medical Microbiology, Samsun, Turkey
Astanbul University [stanbul Medical School, Department of Medical Microbiology, Istanbul, Turkey

In this study we evaluaied the crysial violet decolovization assay (CVDA) for detection of minimum inhibitory con-
centration {MIC) of antituberculosis drugs. 33 isolates were tested in this study and 13 of them were multidrug resistant
(MDR) isolates. The antibiotics concentrations were 2-0.06 mg/L for isoniazid (INH) and rifampicin (RIF) and were [6-
.25 mg/L for streptomycin (STM) and ethambutol (EMB). Crystal violet (CV-25 mg/L) was added into the microwells on
the seventh day of incubation and incubation was contimued until decolorization. Decolorization of CV was the predictor
af bacterial growth. Overall agreemenis for four drugs were defected as 98.1%, and the average iime was deilecied as
9.5 £ .89 day after inoculation. One isolate for INH and twa isolates for STM were determined resisiant in the reference
method, but susceptible by the CVDA. One isolate was susceptible to EMB by the reference method, but resisiant by the
CVDA. All results were concordant jor RIF. This study shows that CVDA is a rapid, reliable and switable for determina-
tion of MIC values of Mycobacterium tuberculosis. And it can be used easily especially in couniries with limited-sources.

kev words: Mveobacterinm tuberculosis - antituberculosis drugs - susceptibliry testing -
multl drug resistance - crystal violet decolonzation assay




streptomycin (STM) 1, isoniazid (INH) 1, rifampicin (RIF) 1,

\( \/ "‘u(, \(, | othambutol (EMB) 1: Growth contrel (without ansbiotic)

: . - ~|  STM 2 EMB 2: 16 mglL INH 2, RIF 2: 2 molL

X i S STM 3, EMB 3:8 mglL INH 3, RIF 3: 1 mgiL

_ L 4 N/ /“\ —_\ \.,' B STM 4, EMB 4: 4 mgiL INH 4, RIF 4: 0.5 mgiL
o " 3 STM 5, EMB 5: 2 mg/L INH 5, RIF 8: 0.25 mgiL
-~ N e W STMG,EMBE: 1 mgL INH 6, RIF 6: 0.125 mgiL

N =N '\i \_/ \ =N -/ o STM 7, EMB7:0.5mglL INH 7, RIF 7: 0.08 mgiL
~ STM 8, EMB 8: 0.25 mglL INH 8, RIF 8: 0.03 mgiL

- -

\ .

w: Minimal inhibitory concentration (MIC) values

e S ; N | MIC values for isolate 1; STM: 0.5 mgiL, INH: 0.08 mg/L,
RIF: 0.06 mg/L, EMB: 2 mg/L (susceplible 1o all lested antibiotics)

MIC values for isolste 2; STM: > 18 mgiL, INH: > 2 mgiL,

RIF: > 2 mo/L, EMB: 16 mgiL (resistant to all tested anSbiotics-mulidrug

= If there is a bacterial growth, bluslpurpie color of arystal violet was
decolorized. MIC was defined as e last well with blue/purple colowr. The
bacteria was considered to be resistant, if MIC value was > 0.125, >0.5,
> 2 and > 4 mglL for INH, RIF, STM and EMB, respectively.

Evaluation of minimal inhibitory concentration plate.



TABLE IV
Comparison of the result of crystal violet decolorization assay (CVDA) with those obtained with reference method

Reference method®

Sensitivity Specificity PPV NPV Agreement

Drugs CVDA R 5 (%a) (o) () (%) (%a)

INH R 26 0 96.3 1040 100 96.3 Q8.1
5 1 26

RIF R 14 0 104 100 100 100 100
5 0 i

5TM R 21 0 91.3 100 100 937 96.2
5 2 30

EMB 14 10 1 100 X6 S0.9 100 98.1
5 0 42

*Reference method: Bactec MGIT 960; EMB: ethambutol; INH: isoniazid, NPV: negative predictive value, PPV positive predic-
tive value; R: resistant; RIF: rifampicin; 8: susceptible; STM: streptomycin.
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Tahle 2. Comparison of the CVDA and the reference method resulis.

Dirugs CVRT Reference method Sensitivity  Specificity PPV NPY Agreement
R 5 (%a) {%a) (%) (%a) (%a)
INH R 42 | 917 R52 933 DE.3 06.2
Phase 1 & i B0
RIF R 41 0 10 D69 953 oo &1
& 2 63
INH R &7 2 97.1 D65 5.7 u1.7 06,8
Phase 11 & i &4
RIF R & 2 Q6.8 1oo i] 079 0e.7
& 0 o

[MH: moniaxd; RIF: rifampicing PPV: positive predictive value;

NPV negative predictive value
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Mycobacterium tuberculoeie’de etambutol ve streptomiein direncinin hizli tespiti igin yeni bir yontem; KVRT

Ahmet Yilmaz Coban® Ahmet Ugur Akballismail Ceyhan? Meltern Uzun®,Deniz Sertel Selale?, Ganl Aslar® Muran Delialioglu®, Mustafa Ozyurt® Bayhan Bektore® Can
Bicmen? Ahmet Aslantirk® Nilay Ucarman® ali Albay® Ali Korhan S8 Muri Ozkitik Y, Siheyla Siriciogiu?

Tondaokuz Mayis Universitesi Tip Fakiltesi Tibhi Mikrohivoloji AD, Samsun

2Aratirk GHgls Hastalklan ve Gagils Cerrahisi EEitinm ve Arastirma Hastanesi Tibhi Mikrobivoloji Laboratuyar, Ankara

3istanbul Universitesi istankul Tip Fakiiltesi Tibhi Mikrobiyoloji AD, Istanbul

Ilersin Universitesi Tip Fakiltesi Tikhi Mikrohivolaji AD, Mersin

552k Bilimleri Universitesi Tip Fakiltesi Sultan Abdilhamid Han Saglk Arastirma ve Uyeulama Hastanesi, Tibhi Mikrobiyoloji AD, Istanbul

5Sarikarmis Devlet Hastanesi Mikrohiyoloji Laboratuvar, Kars

7D, Suat Seren Gagls Hastaliklar ve GBEs Cerrahisi ESitim ve Arastirma Hastanesi Tikki Mikrohivoloji Labaratuvar, izmir
BTirkiye Halk Saghg Kurumu Tiberkilloz Referans Laboratuwar), Ankara

F5aglk Bilimleri Universitesi Gilhane Tip Fakiltesi Tibbi Mikrobiyoloji AD, Ankara

Wielal Bayar Universitesi Tip Fakiltesi Tibbi Mikrobiyolaji AD, Manisa

iZalizmada etambutol (EME] we streptomisin [SW) direncinin bzl tespiti igin yeni gelistirilmiz olan kristal viyole renksizlestirme testi (KVYRTInin degerlendirilimesi
amailand.
Bu amacla, 3 farkl merkezden ganderilen 140 adet izolat test edildi. Her bir izolat ETM igin 5 mgsL ve SM icin 2 mesL kritik konsantrasyonlannda test edildi.

Calisma sonucunda, EMEB igin 8zglllik %98.2, duyarlilk 577.7, PPD %91.3 ve NPD 94,8 ve uyum %94.2 olarak saptandi, SMicin ozedllik 5948, duwarllik 81,3,
PPD B487.5 we MPD B892 ve uyum 90,7 olarak tespit edildi. Calismada sonuglar 11.33+2.68 glnde (8-21 gln) elde edildi.

Sonug olarak KVRT, EME we SM direncinin bizl tespiti icin kullanilabilecek kolorimmetrik bir y8ntem olarak gorilmekle birlikte daha fazla izolat ile cok merkezli
cahismalara gerek wardir.

Kewwaords W, tuberculosis, etambutol, streptomisin, KYRT



Referans Yontem

KVRT (MGIT 960)
Direngli Duyarh Duyarhlik(%) | Ozgiillik(%) PPV (%) NPV(%) Uyum(%)
Direngli 35 5
STR 81,3 94,8 87,5 92 90,7
Duyarh 8 92
Direngli 21 2
EMB 777 98,2 91,3 94,8 94,2
Duyarh 6 111




MIDT/MODS

ARB pozitif klinik orneklerden ya da
Uremis kiltirden calisilabilir

Mikrokolonilerin mikroskobik olarak
incelenmesi temeline dayanir

Ilagsiz besiyerinde iireme, pozitif kiiltiri
gosterir

Ayni anda ilagl besiyerinde de ireme varsa
direnci gosterir



7H9 besiyerinde mikroplaklarda kord formasyonunun
inverted mikroskop ile belirli araliklarla gozlenmesiyle
uygulanir

FIG. 1. Characteristic serpentine structure of young M. tuberculosis
colonies grown in Middlebrook 7H9 broth for MODS, as seen under
an inverted-light microscope (original magnification, X20).



* Calismalarda;
— INH igin;
« Duyarhlik %72.6-100
« Ozqiilliik %78.4-100
— RIF igin;
« Duyarhlik %72.7-100
« Ozgiilliik %75-100
— EMB icin;
« Duyarhlik %73.7-100
« Ozgiilliik %88.2-91.5
— STRigin;
« Duyarhlik %87.5-96
« Ozqiilliik %96.4-97.6
— PZA icin;
 Duyarliik %95.5-100
« Ozgiillik %93.3-100



» Tkinci kusak ilaclar;
— Duyarhilik: %91.5-96.2
— Ozqiilliik: %98.7-100
« Sonuclar;
— Indirekt test ile 5-18 giin
— Direkt test ile 5-38 giinde elde ediliyor



ITAT/TLA

Genel olarak kultirde tuberkiloz basillerinin
erken tanisi icin kullanilir

Kilturler konvansiyonel mikroskopta incelenir

Duyarlilik testinin uygulandigi ¢alisma
sinichidir
Bir indirekt duyarhlik testinde;
RIF icin;
—  Duyarlilik ve 6zqiillik %100
Ug tane direkt duyarhlik testinde;

Hem INH hem de RIF icin;
—  Duyarhlik ve 6zgiillik %100

Sonuglar 8-14 giinde elde edilmistir



* Bir ¢alismada;
— INH;
 Duyarhhk: %98
» Ozgiillik: %100
— RIF;
 Duyarhhk: %98
» Ozgiilliik: %88
— CIP;
 Duyarhhk: %98
« Ozgiillik: %91



Figure Thin layer agar quadrant plate: A) positive growth con-
trol; B) rifampicin-resistant; C) ofloxacin-susceptible; D) kana-
mycin-resistant.




Broth mikrodiliisyon testi
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Susceptibility Testing of Slowly Growing Mycobacteria by a
Microdilution MIC Method with 7H9 Broth

RICHARD J. WALLACE, JR.,* DONALD R. NASH, LORRAINE C. STEELE, anp VINCENT STEINGRUBE
Department of Microbiology, The University of Texas Health Center at Tyler, Tyler, Texas 75710

Received 28 May 1986/Accepted 2 September 1986

Based on previous success with rapidly growing mycobacteria, a microdilution MIC system was devised for
slowly growing mycobacterial species using THY broth. Test drugs included isoniazid, rifampin, ethambutol,
streptomycin, clofazamine, and sulfamethoxazole. Sixty isolates of four mycobacterial species, including
Mycobacterium tuberculosis, from patients who had never received drug therapy were evaluated in the system,
as well as 25 drug-resistant isolates and 11 control strains. MICs were read when good macroscopic control
growth was evident, a period which varied with each species. Most species exhibited a narrow range of MICs
with easily discernible growth endpoints. The aminoglycosides, ethambutol, clofazamine, and sulfamethoxazole
were the only drugs with activity against all species at clinically achievable levels in serum. Correlation between
susceptibilities by the proportion method in agar with single drug concentrations and the broth method were
excellent for M. tuberculosis, M. kansasii, and M. marinum for isoniazid, rifampin, and ethambutol. Isolates
of the M. avium complex were much more susceptible in broth than in agar for rifampin, ethambutol, and
streptomycin. Given the successful transition of most microbiology laboratories to MIC plates for other
bacterial species, this method would allow for testing of multiple drugs at multiple concentrations and has good
potential for evaluation of drug combinations and drug-resistant isolates.

Current mycobacterial susceptibility testing in the United system are that many mycobacteria, including M. tubercu-
States uses the proportion method, whereby the number of losis, grow more rapidly in broth, and the system allows for
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FIG. 1. Microdilution MIC plate for a susceptible strain of M. ruberculosis. The wells contained twofold dilutions (rows A to H) of
antimicrobial agents, with the lowest drug concentration (row H) listed in micrograms per milliliter. The well in the upper left corner is the
positive control, whereas the well in the lower right corner is the broth control. Note the sharp endpoints for all drugs except SMX. FOX =
Cefoxitin; ANS, ansamycin; CLF, clofazamine; DOX, doxycycline.




TABLE 4. Comparison of susceptible and resistant strains tested in broth and in agar by the standard proportion method

Mo. of strains classified as®:

Organism Drug (concn in
ino. of strains) agar [pg'ml])® A B C D e
M. tuberculosis (21) INH (1) 10 11 0 0 100
RIF (1) 13 8 0 0 100
EMB (5) 17 4 0 0 100
STR (2) 17 4 0 0 1040
M. kansasii (27) INH (1) 1 20 5 1 78
RIF (1) 16 10 1 0 96
EME (5) 20 6 0 1 96
STR (2) 9 2 16 0 59
M. marinum (17) INH (1) 0 17 0 0 100
RIF (1) 17 0 0 0 100
EMB (%) 17 0 0 0 100
STR (2} 6 1 9 1 41
M. avium complex (20) INH (1) 0 20 0 0 100
RIF (1) ] 5 15 ] 30
EMB (5) ] 3 12 0 40
STR (2) 0 13 7 0 65

¢ Comparative concentrations in broth were the same as in agar except for EMB, for which 8 pg/ml was used as the resistance breakpoint.
® A, Susceptible by both methods: B, resistant by both methods: C, susceptible in broth but resistant in agar: D. resistant in broth but susceptible in agar.
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Drug Susceptibility Testing of

Mycobacterium tuberculosis by the

Broth Microdilution Method with 7H9 Broth

Ahmet Yilmaz Coban*, Asuman Birinci, Bora Ekinci, Belma Durupinar

Department of Microbiology and Clinical Microbiology, Medical School, Ondokuz Mayis University, 55139 Samsun, Turkey

In this study, we have evaluated the broth microdilution method (BMM) for susceptibility testing of Mycobacte-
rium tuberculosis. A tofal of 43 clinical isolates of M. tuberculosis and H37Rv as a control strain were studied. All
isolates were tested by the proportion method and the BMM for isoniazid (INH), rifampicin (RIF), streptomycin
(STR), and ethambuitol (ETM). The proportion method was carried out according to the National Committee for
Clinical Laboratory Standards (NCCLS) on Liwenstein-Jensen (LJ) medium. The BMM was carried out using 7H9
brath with 96 weH—p!ﬂrﬂ All strains were tested ai 3.2-0.05 pgiml, 16-0.25 pgimi, 32-0.5 pgimi, and 32-0.5 ug/mi
concentrations for INH, RIF, 5TR, and ETM, respectively. When the BMM was compared with the proportion method,
sensitivity was 100, 100, 96.9, and 90.2%, while specificity was 10N, 85.7, 90.9, and 100%, for INH, RIF, 5STR, and
ETM, respectively. The plates were examined 7, 10, 14, and 21 days after incubation. The majority of the result were
abtained at 14th days afier incubation, while the proportion method result were ended in 21-28 days. According to
our results, it may be suggested that the BMM is suitable for early determining of multidrug-resistance-M. tubercu-

losis strains in developed or developing countries.

Key words: Mycobacterium tuberculosis - broth microdilution method - susceptibility testing

Tuberculosis is an important public health problem in
developed and especially in developing countries. The
incidence of multidrug-resistant (MDR) Mycobacterium
tuberculosis has increased in recent years. Mycobacte-
rial cultures and susceptibility testing must be rapidly
concluded for effective treatment and control of the dis-
case (Zapata et al. 1999).

The two methods most commonly used for suscepti-
bility testing of M. fuberculosis include the proportion
method performed on Liwenstein-Jensen medium (LJ) and
Middlebrook TH10-11 agar, and the Bactec TB 460 system
(Becton Dickinson Microbiology System, Cockeysville,

(Yamane etal. 1998, 1999, Leite et al. 2000). In addition, it
has been disclosed that the broth microdilution method 15
very close to the Center for Disease Control and Preven-
tion (CDC), Atlanta, US (1994) guidelines, except for iso-
lation and identification of M. fuberculosis (Yamane et al.
199497,

Our aim was to compare the proportion method with
LJ medium and the broth microdilution method (BMM)
for susceptibility testing of 43 M. fuberculosis clinical
isolates.

MATERIALS AND METHODS



TABLE

The results of susceptibility testing by the broth microdilution method (BMM) and the proportion method

The BMM resulis

Results of Nr of Nr of % % % oo
proportion resistant susceptible sEnSIvILy specificity positive predictive negative predictive

Drug  method sirains sirains value value

INH Resistant o ] {1 100 100 L0
Susceptible 0 M

RIF Resistant 6 1 100 B5.T7 a7.3 1000
Susceptible i a6

STE  Resistant 1] 1 96.9 009 Q6.9 o009
Susceptible | 31

EMEB Resistant 2 ] Q0.2 100 100 333
Susceptible 4 37

INH: 1somiazid; RIF

: rifampicin; STR: streptomycin; ETM: ethambutol



— INH;
» Duyarhlik: %100
* Ozgiillik: %91-100
— RIF;
* Duyarhlik: %100
» Ozgiilliik: %85.7-100
— EMB;
» Duyarhlik: %90.2-100
+ Ozgiilliik: %96-100
— STR;
* Duyarhlik: %96.9-100
» Ozgiilliik: %90.9-98
— PZA;
* Duyarhlik: %100
» Ozgiilliik: %95-100



E test

Antibiyotik emdirilmis stripler kullanilir
McFarland 3 bulanikhginda inokilim kullanilir
Sonuglar 5-10 giin arasinda elde edilir
Indirekt test olarak uygulanir

Bir ¢alismada RIF direncinin hizli tespiti igin
direkt test uygulanmis
— Uyum %100

— Sonuglar 14-37 giinde (ortalama 20 giin) elde
edilmis



E test

¢alismalarda;
— INH;
« Duyarhlik: %55.6-94.6
« Ozgiilliik: %94.8-98.6
— RIF;
« Duyarlilk: %62.5-100
« Ozgiillik: %97.3-10

— EMB;
 Duyarlilik: %50-85.7
«  Ozgiillik: %97.7-98.8
— STR;
« Duyarlilik: %5.9-85.7
«  Ozgiilliik: %85.1-100

7H10 ve 11 agarda uygulanir
Kanh ve gukulatamsi agarda da test edilmigtir
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Comparative Study for Determination of Mycobacterium tuberculosis
Susceptibility to First- and Second-Line Antituberculosis Drugs
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We investigated the performance of blood and chocolate agar as alternatives to Middlebrook TH11 agar for
testing the susceptibility of Mycobacterium fuberculosis to first-and second-line drugs by the Etest method. A
total of 39 strains of M. fuberculosis including 12 multidrug-resistant M. iuberculosis strains and 17 susceptible
strains were tested. In conclusion, our results showed that chocolate agar gave insufficient growth, needing up
to 21 days of incubation, while results on blood agar were comparable to those on Middlebrook TH11 agar and
can be further explored as an alternative for Etest-based susceptibility testing of M. fuberculosis.

Early clinical diagnosis of tuberculosis, identification of mul-
tidrug-resistant (MDR) Myvcobacterium tuberculosis strains,
and appropriate treatment are the most effective strategies to
control the spread of MDR tuberculosis (18). Therelore, rapid
and efficient methods are needed to accurately diagnose and
control this disease efficiently. The CLSI reference method for
susceptibility testing of M. fuberculosis is the agar proportion
method (22) performed with Maddlebrook THI0 to -11 agar.

On the other hand, there are semiautomated and automated
mwtasas (O AFTEM AGN TR asd DA CTE RICTT lesssalasta

In this study, the performance of blood and chocolate agar
was compared to that of Middlebrook TH11 agar with the aim
to evaluate them as possible alternatives for susceptibihity test-
ing of M. iuberculosis clinical isolates against [Z, RI, SM, EB,
ofloxacin (OF), ciprofloxacin (CI), levofloxacin (LE), linezolid
(LZ), and ethionamide (ET) by Etest

A total of 39 strains of M. uberculosis and H37Rv (control
strain suscephible to all antituberculous drugs) were tested.
While 22 MDR M. tuberculosis strains were isolated from spu-

- W i - .



TABLE 1. Comparison of categorical results between Etest on
Middlebrook TH11 and BACTEC 460 TB

B w Mo, with resalt I::.IIPE:I.Esl. on
propartion TH11 aga v Agreement
Sl Tl Resistant Susceptible
SM
Resistant & 1 949
Susceplible | 249
IZ
Resistant 24 1 97 4
Susceptible 1 14
RI
Resistant 22 ] 100
Susceptible 0 17
EB
Resistant 10 3 297
sSuscepltible L 25
“ Day of detection. day 5.

B Day of detection, day 1.



TABLE 2 Comparson of categorical results for Etest on blood
and chocolate agar to results with BACTEC 460 TH and

Middlebrook TH11 agar

% Agrecment

Comparmon Dy I.:IE
5\ 17 RI Ei  detection
BACTEC 460 TH vs™
Etest
Blood agar 4.9 97.4 10K 821 10
Chocolate agar 4.9 974 o4 897 21
TH11 agar vs™
Etest
Blood agar 49 100 10K 923 10
Chocolate agar 49 100 oT4 897 21

“ Day of detection, day 5.
& Day of detection, day 11



TABLE 3. Comparison of categorical resulis of Etest on blood and
chiscolate agar versus resulis with Middlebrook THI1 agar for
second-line drogs

% Agreement compared with THLI agar® Dy of
Etest parameter "

ET OF LE ¢ Lz  detecton
Blood agar 9G53 9 100 Y. 100 10
Chocolate agar 56.6 By 100 S i 100 21

“ Diay of detection, day 1{k
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Susceptibilities of Mycobacterium tuberculosis to Isoniazid and
Rifampin on Blood Agar
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In this study, blood agar was nsed instead of TH10 agar for the susceptibility testing of 34 clinical isolates
of Mycobacterium tubercilosis to isoniazid (INH) and rifampin (RIF) in accordance with the NCCLS. The
BACTEC 460 TB system (Becton Dickinson, Sparks, Md.) was nsed as a “gold standard.” Results for both
media were in agreement for RIF and INH at 100 and 94.1%, respectively. For INH, the specificity, sensitivity,
positive predictive value, and negative predictive value were found to be 714, 100, 93.1, and 100%, respectively,
while these valoes were 100% for RIF. In addition, the results of the susceptibility test performed with blood
agar were obtained on day 14 of incubation. In conclusion, results were obtained much earlier with blood agar
(2 weeks) than with TH10 agar (3 weeks), and the results of this study suggest that blood agar may be used as
an alternative medium for the susceptibility testing of M. fuberculosis to INH and RIF.

The increasing incidence of multidrg-resistant tuberculosis
(MDR-TB) produces serious problems in developed and es-
pecially in developing countries. Detecting tuberculosis and
identifying MDR Myvcobacterivm fuberculosis strains by con-
ventional methods is difficult because of the low growth rate of
the causative agent. Therefore, rapid and efficient methods are
needed for the control of this disease (3-6, 13).

Several manufacturers have directed considerable effort to-
ward the development of rapid and efficient systems for the
growth, detection, and susceptibility testing of mycobacteria.

isoniazid {(INH) and rifampin (RIF) by using the proportion
method.

Bacterial isolates. Thirty-four clinical isolates of M. fubercu-
losis were examined in this study, and H37Rv and H37Ra were
also included as control strains. Drug susceptibility patterns of
all isolates were previously detected by the BACTEC 460 TB
system, and a standard protocol in accordance with the man-
ufacturer’s instructions was followed. Seven isolates were sus-
ceptible to INH and RIF. Eight were resistant only to INH,
while the rest (19 strains) were resistant to both drugs.



TABLE 1. Comparison of radiometric proportion method results and blood agar results

Resulis of propostion method

Fesult on } . .
Drug® blsod agar Mo of sampiles. that wene: Sensitivity Specificity Positive prediciive Megative predictive
Reslgtant Susceptible (%) (%) value (%) value (%)
INH Resistant 2 2 10D T1.4 93.1 100
Susceptible 0 5
RIF Resistant 19 1] 10 1(x] 10D 100
Susceptible 1] 15

“IMH at 02 pg'ml: BIF at 1 pgfml.
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Blood agar for susceptibility testing of Mycobacterium
tuberculosis against first-line drugs
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SUMMARY

OBIECTIVE: To evaluate the performance of blood agar
for the susceptibility testing of 350 Mycobacterium
tuberculosis clinical isolares against isoniazid (INH),
rifampicin (RMP), streptomycin (SM) and ethamburol
(EMB).

DE5SIGN: The activity of the drugs was determined by
the proportion method on blood agar instead of Middle-
brook 7H10 agar according to Clinical Laboratory Stan-
dard Institute recommendations. The final concentra-
tions of INH, RMP, SM and EMB were 0.2 pg/ml, 1 pg/
ml, 2 pg/ml and 5 pg/ml, respectively.

RESULTS: The results were compared with the radio-
metric proportion method as the reference, and the
agreements were determined as 100% for INH and
RMP, 92% for SM and 96% for EMB. The specificity,

sensitivity, positive predictive value and negative predic-
tive value were 90.4% and 97.5%, 100% and 20%,
66.6% and 20% and 100% and 97.5% for SM and EMB,
respectively, while these values were 100% for INH and
RMP. The results of susceptibility testing were obtained
on the 14th day of incubation.

CONCLUSION: According to this preliminary study, our
results suggest that blood agar can be used as an alter-
native medium for the susceptibility testing of M. tu-
berculosis strains against INH, RMP, SM and EMB in
resource-limited countries. However, further studies are
needed before implementating the method in diagnostic
laboratories.

KEY WORDS: Mycobacterium tuberculosis; proportion
method; blood agar
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Testing Susceptibility of Multidrug-Resistant Mycobacterium
tuberculosis to Second-Line Drugs by Use of Blood Agar’
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In this study, the susceptibilities of 35 multidrug-resistant (MDR) Mycobacterium tuberculosis clinical
isolates to second-line drugs, including kanamycin (KM}, rifabutin (RBU), ofloxacin (OFX), p-aminosalicylic
acid (PAS), capreomycin (CAP), clofazimine (CFM), and ethionamide (ETH), were investigated on blood agar
according to CLSI recommendations. Compared with the results of the Bactec 460 TH system, agreement was
100, 100, 97, 100, 100, 100, and $6% for KM, RBU, OFX, PAS, CAP, CFM, and ETH, respectively. Compared
with the results of the proportion method, agreement was 100, 100, 97, 100, 97, 100, and 77% for KM, REU,

OFX, PAS, CAP, CFM, and ETH, respectively.

Multidrug-resistant tuberculosis (MDR-TB) and extensively
drug-resistant tuberculosis (XDR-TB) are major public health
problems, especially in developing countries (13, 18, 21). Rapid
susceptibility testing is critical for early diagnosis of MDR- and
XDR-TE and the initiation of effective regimens (14). The
agar proportion method performed on Middlebrook TH10 and
TH11 agars is the reference method for susceptibility of Myeo-
bacrerivon tuberculosis according to CLSI recommendations
(16). The Bactec 460 TB system (Becton Dickinson Diagnostic
Systems, Sparks, MD), Bactec MGIT 960 {Becton Dickinson
Diagnostic Systems, Sparks, MD), and Versa TREK system
(formerly known as ESP 1I; Trek Diagnostic Systems, West
Lake, OH) are cleared for used by the U.S. FDA for testing M.
tuberenlosis susceptibility to first-line drugs (16). It has recently
been demonstrated that blood agar can be wsed for routine
culture and testing of M. fuberculosis susceptibility to first-line
drugs (1-4, 6. 7, 15).

In this study, the susceptibilities of 35 MDR M. mberculosis

lutions except CFM. which was stored in the dark at room
temperature, were stored at =70°C in small aliquots.

The agar proportion method using Middlebrook TH10 and
blood agar was performed with concentrations of 10, 5, 5, 1, 2,
1, and 2 pgfml for CAP, ETH, KM, CFM, OFX, RBU, and
PAS, respectively (9, 10, 12, 16, 17).

Middlebrook THI12 broth {Bactec 12B; Becton Dickinson
Microbiology Systems) was used for radiometric testing (5, 11,
16, 19, 20). Second-line drugs (KM, RBU, PAS, CAF, CFM,
OFX, and ETH) were tested by using single critical concen-
trations. Concentrations of second-line drugs tested in the
Bactec 460 TB system were 1.25, 1.25,5, 0.5, 2, (.5, and 4 pg/ml
for CAP, ETH. KM, CFM, OFX, RBU, and PAS, respectively
{9. 10, 12, 16, 17).

The inoculum was prepared from freshly growm colonies on
Léwenstein-Tensen medium. The supernatant of each isolate
was adjusted to a 1 McFarland standard. The agar proportion
method was performed on both Middlebrook TH10 agar and



TABLE 1. Comparison of blood agar results and Bactec 460 TB system results®

Bactec 460 TB system
Drug Re"““ﬂ;’:r blood Niew of resistant No. of . . % specificity PPV (%) NPV (%) % agreement
isolates sulsccpnble T sensitivity
isolates

KM Resistant 0 0 100 100 100
Susceptible 0 35

RBU Resistant 27 0 100 100 100 100 100
Susceptible 0 8

OFX Resistant 1 1 97 100 100 50 97
Susceptible 0 33

PAS Resistant 3 0 100 100 100 100 100
Susceptible 0 32

CAP Resistant 2 0 100 100 100 100 100
Susceptible 0 33

CFM Resistant 0 0 100 100 100
Susceptible 0 35

ETH Resistant 17 5 72 100 100 77 86
Susceptible 0 13

“ KM, kanamycin; RBU, rifabutin; OFX, ofloxacin; PAS, p-aminosalicylic acid; CAP, capreomycin; CFM, clofazimine; ETM, ethionamide; PPV, positive predictive
value; NPV, negative predictive value.

TABLE 2. Comparison of blood agar results and Middlebrook 7H10 agar results”

TH10 agar
Diroe Result on blood . No. of % specificity PPV (%) NPV (%) % aprocanent
agar No. _af resistant susceptible e sensitiv P y
isolates suscep o Ty
isolates
KM Resistant 0 0 100 100 100
Susceptible 0 35
RBU Resistant 27 0 100 100 100 100 100
Susceptible 0 8
OFX Resistant 1 1 97 100 100 50 97
Susceptible 0 33
PAS Resistant 3 0 100 100 100 100 100
Susceptible 0 32
CAP Resistant 1 1 97 100 100 50 97
Susceptible 0 33
CFM Resistant 0 0 100 100 100
Susceptible 0 35
ETH Resistant 14 8 61.9 100 100 63.6 77
Susceptible 0 13

# KM, kanamycin; RBU, rifabutin; OFX, ofloxacin; PAS, p-aminosalicylic acid; CAP, capreomycin; CFM, clofazimine; ETM, ethionamide; PPV, positive predictive
value; NPV, negative predictive value.
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Rapid Direct Testing of Susceptibility of Mycobacterium tuberculosis to
Isoniazid and Rifampin on Nutrient and Blood Agar in

Resource-Starved Settings
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In this study, we evaluated the performance of blood agar (by macroscopic growth) and nutrient agar (by a microcolony detec-
tion method) for drug susceptibility testing of Mycobacterium tuberculosis against rifampin (RIF) and isoniazid (INH), using 67
smear-positive sputum specimens. The direct proportion method on Lowenstein-Jensen (L]) medium was used as the “gold stan-
dard.” Compared with L] medium, results for both media were in 100% agreement for RIF, while for INH the agreement levels
for blood agar and nutrient agar were 98% and 95%, respectively. Within 2 weeks, 100% of specimens yielded results on blood
agar, while 96.8% of specimens yielded results on nutrient agar. Our study showed that blood agar and nutrient agar can be used
as alternative media for direct susceptibility testing of RIF and INH, especially in resource-poor settings.

Despite recent advancements in the field of mycobacteriology,
multidrug-resistant tuberculosis (MDR-TB) and extensively
drug-resistant tuberculosis (XDR-TB) still remain public health
nuisances (9, 19). Conventional culture methods are slow, requir-
ing about & to 8 weeks for diagnosis and subsequent drug suscep-
tibility testing (DST). In the last decade, the Bactec MGIT 960
automated system was introduced for early diagnosis and DST of
Mycobacterium tuberculosis from various clinical specimens.
However, this system is costly, its consumables are not easily avail-
able, and it requires technical expertise. Parallel to the progress in
automated systems, much work has also been published on the
development of rapid but economical methods which are eauallv

Remaining sediment was diluted in 3 m] of sterile distilled water and used
subsequently for inoculation.

Preparation of nutrient agar and blood agar with drugs. Autoclaved
nutrient agar {Oxoid, United Kingdom ) was divided into two equal parts,
and 5% sheep blood was added to one part. Both were further subdivided
into four equal parts; para-nitrobenzoic acid (FNB) (500 pg/ml), INH
(0.2 pg/ml), and RIF (1.0 pg/ml) were added to the first three parts, while
the fourth part was used without antibiotic (control). About 5 ml of re-
spective medium was poured into the quadrants of sterile labeled petri
dishes.

Inoculation of sputum specimens on media. In order to ensure ade-
quate but not excessive growth, concentrated sputum specimens were
diluted as follows: 107" for 1 to 9 AFB/10 ficlds (2+), 1072 for 1 to 9



TABLE 1 Comparison of results of L] proportion method with results of sensitivity on blood agar”

MNo. of samples
with blood
agar result
Drug LJ result R 5 % Sensitivity % Specificity PPV (%) NPV (%) Agreement (%)
RIF R 11 0 104D 1oa oo 100 1oa
5 0 52
INH R 14 1 104D 98 94 100 98
5 0 48

“ K, resistant; 5, susceptible; FPV, positive predictive value NPV, negative predictive value.

FIG 2 Colonies of M. tuberculosis on blood agar plate after 14 days of incu
bation.



TABLE 2 Comparison of results of L] proportion method with results of sensitivity on nutrient agar (by microcolony detection method)®

No. of samples
with nutrient

agar result
Drug L] result R 5 % Sensitivity % Specificity PPV (%) NPV (%) Agreement (%)
RIF R 11 0 100 100 100 100 100
5 0 52
INH R 12 3 100 a5 &0 100 a5
5 0 48

@ R, resistant; 8, susceptible; PPV, positive predictive value; NPV, negative predictive value.

30
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FIG 1 Average time (in days) for detection of growth by three culture methods, grouped by bacillary smear load. BA, blood agar; NA, nutrient agar.
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Blood Agar Validation for Susceptibility Testing of
Isoniazid, Rifampicin, Ethambutol, and Streptomycin to
Mycobacterium tuberculosis Isolates

Ahmet Yilmaz Coban®
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Abstract

In recent studies, it was shown that blood agar can be used at least as effectively as Liwenstein-Jensen medium for growing
Mycobacterium tuberculosis. It was also shown that susceptibility testing can be performed on blood agar. Additional
validation of blood agar was performed on regional M. tuberculosis isolates from Turkey to determine critical concentrations
of isoniazid (INH), rifampicin (RIF), ethambutol (ETM), and streptomycin (STR). In the current study, 40 M. tuberculosis clinical
isolates were tested. H37Rv, which is susceptible to all antituberculosis agents, ATCC 35822 (INH-resistant), ATCC 35838 (RIF-
resistant), ATCC 35837 (ETM-resistant), and ATCC 35820 (STR-resistant) quality control strains were used as control strains.
Proportion method on 7H11 agar was considered as gold standard in the study. MIC values of the control strains and clinical
isolates were detected on blood and 7H11 agar. Categorical agreements were 100% for each antibiotic, and essential
agreements were 100%, 97.5%, 82.5%, and 95% for INH, RIF, ETM, and STR, respectively. According to the data, 0.2 pg/mL
for INH, 1 pg/mL for RIF, 4 pg/mL for ETM, and 2 pg/mL for STR were appropriate breakpoint values for susceptibility
testing on blood agar. Blood agar may be recommended for use in both developed and developing countries for the
susceptibility testing of M. tuberculosis isolates to primary antituberculosis drugs.
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Table 1. MIC values of standard strains on both media in the preliminary study.

Strains INH (ug/ml) RIF (ug/ml) ETM (ug/ml) STR (ug/ml)
BA 7H11A BA 7H11A BA 7JH11A BA 7H11A

H37Rv 0125 0125 1 1 4 4 2 1

ATCC 35822 =32 =32 1 1 4 4 2 1

ATCC 35838 0125 0125 =32 =32 4 4 2 1

ATCC 35820 0.125 0125 1 1 4 4 =32 =32

ATCC 35837 0.06 0.06 0.5 0.25 16 16 1 1

INH: isoniazid; RIF: rifampicin; ETM: ethambutol; STR: streptomycin; BA: Blood agar; 7H11A: 7H11 agar; 5: susceptible;

R: resistant.



Table 2. Comparison of the MIC values of each antibiotics on blood agar with 7H11 agar.

Drugs 0 dilution (n) +1 dilution (n) +2 dilution (n) +3 dilution (n) EA (%) CA (%)
INH 22 18 = = 100 100
RIF 3 8 1 - 97.5 100
ETM 18 15 5 2 825 100
STR 22 16 2 - 95 100

EA: essential agreement, CA: Categorical agreement; n: number of isolates.



agreements were 100%, 97.5%, 82.5%, and 95% for INH, RIF, ETM, and STR, respectively. According to the data, 0.2 ng/mL
for INH, 1 ug/mL for RIF, 4 ng/mL for ETM, and 2 pg/mL for STR were appropriate breakpoint values for susceptibility
testing on blood agar. Blood agar may be recommended for use in both developed and developing countries for the
susceptibility testing of M. tuberculosis isolates to primary antituberculosis drugs.
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Evaluation of Agar-Based Medium with Sheep Sera for Testing of
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Rifampin, Ethambutol, and Streptomycin
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The performance of sheep sera instead of sheep blood in agar-based media was investigated for susceptibility testing of Mycobac-
terium tuberculosis against primary drugs. The levels of agreement between agar-based medium supplemented with sheep sera
and the proportion method on Middlebrook 7H11 agar as the reference method for determining susceptibility to isoniazid
(INH), rifampin (RIF), ethambutol (EMB), and streptomycin (STR) were 98.4, 98.4, 95.3, and 100%, respectively.

berculosis is a major public health problem, particularly in de-
veloping countries. Multidrug-resistant tuberculosis (MDR-TB)
is one of the factors that reduce the efficacy of tuberculosis control
programs (1). Early identification of drug-resistant Mycobacterium
tuberculosis is the first and most crucial step in the fight against tuber-
culosis. The existence of an available and cheap method for suscepti-
bility testing may help to prevent and reduce dissemination of MDR
tuberculosis and may increase as the efficacy of tuberculosis control
programs as well {2).

The agar proportion method performed with Middlebrook
7H10-11 agar is used as a reference method for susceptibility test-
ing of Mycobacterium tuberculosis. The results are calculated by
comparing the colony number in a drug-containing tube to the
colony number in a drug-free tube. If this ratio is >1%, the bac-

taria are romeiderad recietant to tha drmo (3 Tt wae rennrtad that

min-dextrose-catalase [OADC]) was added at 10%. Each antibi-
otic was added from stock solutions. The final concentrations of
INH, RIF, EMB, and STR were 0.2 pg/ml, 1 pg/ml, 7.5 pg/ml, and
2 pg/ml, respectively (3). Once the drug was added, 1 ml of me-
dium with drug was dispensed into 24-well plates (TPP; Tissue
Culture Testplate, Switzerland) and this was repeated for each
drug. Growth control medium without drug was also prepared in
24-well plates for each bacterium. All plates were stored at +4°C
until use.

Blood agar-based medium (bioMérieux, Marcy ['Etoile,
France) was prepared according to the manufacturer’s instruc-
tions; after it was sterilized, sheep sera (Pendik Veteriner Kontrol
Enstitusu; Pendik, Istanbul, Turkey) were added to the medium at

5%. Each antibiotic was added from stock solutions. The final
mancanteatione af TRIH DIE FRiR and CTD wara 007 somfeasl 1



FIG 1 Bacterial growth on blood agar base medium with sheep sera (A) and on 7H11 agar (B).




TABLE 1 Results determined using blood agar-based media with sheep
sera compared with results by the reference method, agar proportion on
7H11 agar”

Reference method (agar proportion on 7H11 agar)

Major Very major
Sensitivity Specificity discrepancy discrepancy Agreement

Drug BBMSS S R (%) (%) (%) (%) (%)

INH § 40 1 100 95.8 0 2.5 98.4
R 0 23

RIF S 44 1 100 95 0 2.2 98.4
R 0 19

EMB § 55 3 100 66.7 0 5.4 95.3
R 0 6

STR S 51 0 100 100 0 0 100
R 0 13

“ BBMSS, blood agar-based medium with sheep sera; INH, 1soniazid; RIF, rifampin;
EMB, ethambutol; STR, streptomycin; S, susceptible; R, resistant.
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Noncommercial culture and drug-susceptibility testing
methods for screening patients at risk for multidrug-
resistant tuberculosis



Executive summary

Commercial liquid culture systems and molecular line-probe assays have been endorsed by the
World Health Organization (WHO) as gold standards for rapid detection of multidrug-resistant
(MDR) tuberculosis (TB); however, because of technical complexity, cost and the requirement for
sophisticated laboratory infrastructure, use of these techniques has been limited in many
resource-constrained settings. Several noncommercial culture and drug-susceptibility testing
(DST) methods have been developed specifically for settings with limited access to sophisticated
laboratory infrastructure and technical expertise. Several rapid, inexpensive methods have shown
initial promise. The most advanced are microscopic observation of drug susceptibility (MODS),
colorimetric redox indicator (CRI) methods, thin-layer agar methods, the nitrate reductase assay
(NRA) and mycobacteriophage-based assays.

MODS: a microcolony direct method in liquid culture, based on inoculation of specimens
into drug-free and drug-containing media, followed by microscopic examination of early
growth;

thin-layer agar. a microcolony direct method on solid culiure, based on inoculation of
specimens into drug-free and drug-containing media, followed by microscopic examination
of early growth;

CRI methods: indirect methods based on the reduction of a coloured indicator added to
liquid culiure medium on a microtitre plate after exposure of Mycobacterium tuberculosis
strains to anti-TB drugs in vitro;

NRA: a direct or indirect method based on the ability of M. fuberculosis to reduce nitrate,
which is detected by a colour reaction; and

phage-based assays: assays in which bacteriophages are used to infect and detect the
presence of viable M. tuberculfosis in clinical specimens and culture isolates.
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