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INTRODUCTIONINTRODUCTION

•• TB is a global health problemTB is a global health problem

•• 2013 9 million people had TB and and 1.5 million died.2013 9 million people had TB and and 1.5 million died.

•• Estimated 480 000 developed multi drug resistant TB (MDR TB)Estimated 480 000 developed multi drug resistant TB (MDR TB)•• Estimated 480 000 developed multi drug resistant TB (MDR TB)Estimated 480 000 developed multi drug resistant TB (MDR TB)

•• Majority diagnosed by smear microscopy on sputum specimen at Majority diagnosed by smear microscopy on sputum specimen at 

the peripheral micoscopy centres.the peripheral micoscopy centres.

•• Several diagnostic tests endorsed by WHO over the last eight years.Several diagnostic tests endorsed by WHO over the last eight years.
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TB DIAGNOSTIC GAPTB DIAGNOSTIC GAP

•• More effective diagnostics available near patients’ care.More effective diagnostics available near patients’ care.

•• Growing pipeline of new TB diagnostics due to more funds from Growing pipeline of new TB diagnostics due to more funds from 

multinational donors and high burden countries with flourishing multinational donors and high burden countries with flourishing 

economies.economies.

•• Market reports  showed more than UD$ 1 billion was spent on TB Market reports  showed more than UD$ 1 billion was spent on TB 

diagnostics in 2004.diagnostics in 2004.

•• 83 million smear microscopy tests and 47 million chest X83 million smear microscopy tests and 47 million chest X

•• US$480 million spent in 2013 on TB test alone in 4 countries…US$480 million spent in 2013 on TB test alone in 4 countries…
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PRIORITIES FOR NEW TB DIAGNOSTICSPRIORITIES FOR NEW TB DIAGNOSTICS

•• Rapid sputum based test to detect TB Rapid sputum based test to detect TB 

with/without drug sensitivitywith/without drug sensitivity

•• Rapid nonRapid non--sputum based test to detect all sputum based test to detect all 

forms of TB at point of careforms of TB at point of care

•• Community based triage test for use by first Community based triage test for use by first 

contact health care providers to identify contact health care providers to identify 

persons who need further testingpersons who need further testing
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CURRENT AVAILABLE TESTS IN MALAYSIA CURRENT AVAILABLE TESTS IN MALAYSIA 
(MOH)(MOH)

•• Health clinics Health clinics –– sputum microscopy (ZN or sputum microscopy (ZN or 

Auramine stain)Auramine stain)

•• State or regional hospitals State or regional hospitals 

culture  (Gene culture  (Gene XpertXpert))

•• Regional Public Health Lab Regional Public Health Lab 

Probe AssayProbe Assay

•• National Public Health Lab National Public Health Lab 

CURRENT AVAILABLE TESTS IN MALAYSIA CURRENT AVAILABLE TESTS IN MALAYSIA 
(MOH)(MOH)

sputum microscopy (ZN or sputum microscopy (ZN or 

State or regional hospitals State or regional hospitals –– Microscopy and Microscopy and 

Regional Public Health Lab Regional Public Health Lab –– Culture and Line Culture and Line 

National Public Health Lab National Public Health Lab –– Culture, PCR, Line Culture, PCR, Line 



DRUG SENSITIVITY TEST IN ONE DRUG SENSITIVITY TEST IN ONE 
LABORATORY ONLY??LABORATORY ONLY??

•• Dedicated infrastructure Dedicated infrastructure 

•• Because handling large bacterial loadBecause handling large bacterial load•• Because handling large bacterial loadBecause handling large bacterial load

•• Dedicated and trained staffDedicated and trained staff

•• Fully maintained laboratoryFully maintained laboratory
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Dedicated infrastructure Dedicated infrastructure –– biosafety level biosafety level 33
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LIGHT VS FLUORESCENT MICROSCOPYLIGHT VS FLUORESCENT MICROSCOPY

•• 5 minutes / slide5 minutes / slide

•• 1000x magnification1000x magnification

•• Light microscopeLight microscope•• Light microscopeLight microscope

•• 4040--80% sensitivity80% sensitivity

•• 40 cents per slide40 cents per slide

LIGHT VS FLUORESCENT MICROSCOPYLIGHT VS FLUORESCENT MICROSCOPY

•• 1 minute /slide1 minute /slide

•• 200x and 400x magnification200x and 400x magnification

•• LED microscopeLED microscope•• LED microscopeLED microscope

•• 10% increased in sensitivity10% increased in sensitivity

•• RM4 per slideRM4 per slide



SOLID CULTURE               VS   BROTH SOLID CULTURE               VS   BROTH 
CULTURE (MGIT)CULTURE (MGIT)

•• Total incubation Total incubation 8 8 weeks before weeks before 

NO GROWTHNO GROWTH

•• Positive growth observed after Positive growth observed after 3 3 

weeksweeks

•• Manually observe tube for Manually observe tube for 

growth every weekgrowth every week

•• Contamination rate Contamination rate 55%%

•• RM RM 4 4 per bottleper bottle

SOLID CULTURE               VS   BROTH SOLID CULTURE               VS   BROTH 
CULTURE (MGIT)CULTURE (MGIT)

•• Total incubation 6 weeksTotal incubation 6 weeks

•• Positive growth after 1 Positive growth after 1 

weekweek

•• Automated. Incubator Automated. Incubator 

will alertwill alert

•• Higher risk of Higher risk of 

aerosolisationaerosolisation

•• Contamination rate 8% Contamination rate 8% 



SOLID CULTURE             VS          LIQUID SOLID CULTURE             VS          LIQUID 
CULTURECULTURE

SOLID CULTURE             VS          LIQUID SOLID CULTURE             VS          LIQUID 
CULTURECULTURE



COMMERCIAL NAAT: GENE COMMERCIAL NAAT: GENE 

•• 14 14 Gene Xperts in MOH hospitalsGene Xperts in MOH hospitals

•• WHO endorsed IN WHO endorsed IN 20102010

•• Use limited to Use limited to 

1.1.?MDR?MDR

2.2.Contact of MDR patientContact of MDR patient

3.3.Paediatrics  TB patientPaediatrics  TB patient

4.4.HIV with ?TBHIV with ?TB

5.5.Extrapulmonary sampleExtrapulmonary sample

•• Minimum sample handlingMinimum sample handling

•• Need continuous air conditioned roomNeed continuous air conditioned room

COMMERCIAL NAAT: GENE COMMERCIAL NAAT: GENE XPERTSXPERTS



GENEXPERTGENEXPERTGENEXPERTGENEXPERT



GENEXPERTGENEXPERTGENEXPERTGENEXPERT



LINE PROBE ASSAY (HAIN)LINE PROBE ASSAY (HAIN)

•• Need positive smearNeed positive smear

•• WHO endorsedWHO endorsed

•• Manual and automatedManual and automated

•• From patient sputum samples or culture isolatesFrom patient sputum samples or culture isolates

1.1.Detection of MTB complexDetection of MTB complex

2.2.Detection of MTB complex with rif / isoniazid resistanceDetection of MTB complex with rif / isoniazid resistance

3.3.Detection of MTB complex with resistance to fluroquinolones, Detection of MTB complex with resistance to fluroquinolones, 

aminoglycoside, cyclic peptides, and ethambutol aminoglycoside, cyclic peptides, and ethambutol 
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LINE PROBE ASSAYLINE PROBE ASSAY

•• From Mycobacterium culturesFrom Mycobacterium cultures

1.1. Identification of MTB complexIdentification of MTB complex

2.2. Identification of MTB complex and 27 Non Identification of MTB complex and 27 Non 

Tuberculous Mycobacterium (NTM)Tuberculous Mycobacterium (NTM)

3.3. Identification of further 19 NTMsIdentification of further 19 NTMs
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Performance Comparisons

Require 3 roomsRequire 3 rooms

Dedicated equipmentDedicated equipment

Stock control Stock control 

Need for BSCNeed for BSC

TATTAT

Test complexityTest complexity

Requires processed sputumRequires processed sputum
Sensitivity in SmSensitivity in Sm--/Cult+/Cult+
Recommended for SmRecommended for Sm-- specimensspecimens
Recommended for extrapulmonary TBRecommended for extrapulmonary TB

INH resistanceINH resistance

SecondSecond--line DSTline DST

Interpretation of resultsInterpretation of results

Performance Comparisons

LPALPA GeneXpertGeneXpert
YesYes NoNo

YesYes YesYes

ComplexComplex SimpleSimple

YesYes ??No??No

≈ 1≈ 1--2 days2 days ≈2 hrs≈2 hrs

VeryVery SimpleSimple

YesYes
≈20%≈20%

NoNo
NoNo

NoNo
≈75%≈75%
YesYes

LimitedLimited

YesYes NoNo

YesYes NoNo

ChallengingChallenging ComputerisedComputerised



LINE PROBE ASSAY (LPA)LINE PROBE ASSAY (LPA)LINE PROBE ASSAY (LPA)LINE PROBE ASSAY (LPA)



WHAT IS NEW?WHAT IS NEW?WHAT IS NEW?WHAT IS NEW?WHAT IS NEW?WHAT IS NEW?WHAT IS NEW?WHAT IS NEW?





DIAGNOSTIC TESTS RECENTLY ENDORSED DIAGNOSTIC TESTS RECENTLY ENDORSED 
BY WHOBY WHO

•• Urine LAM (Urine LAM (AlereAlere) in 2015) in 2015

•• TB LAMP (TB LAMP (EikenEiken) in 2016) in 2016

DIAGNOSTIC TESTS RECENTLY ENDORSED DIAGNOSTIC TESTS RECENTLY ENDORSED 
BY WHOBY WHO



LAMLAM

•• Antigen test for urine  Antigen test for urine  

•• Lipoarabinomannan (LAM) found in growing mycobacterium cell wallLipoarabinomannan (LAM) found in growing mycobacterium cell wall

•• Released in blood and subsequently in urineReleased in blood and subsequently in urine•• Released in blood and subsequently in urineReleased in blood and subsequently in urine

•• Sensitivity of the test correlates with low CD4 count.Sensitivity of the test correlates with low CD4 count.

•• Only useful in AIDS cases Only useful in AIDS cases 
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LAM LAM –– URINE TESTURINE TESTURINE TESTURINE TEST



TB LAMP (TB LAMP (

•• Manual molecular testManual molecular test

•• Feasible to be implemented in peripheral microscopy labFeasible to be implemented in peripheral microscopy lab

•• Relatively high throughputRelatively high throughput

•• Do not require sophisticated instrumentationDo not require sophisticated instrumentation

•• Biosafety requirements similar to those performing sputum smear microscopyBiosafety requirements similar to those performing sputum smear microscopy

•• May be used as replacement to smear microscopy or adjunct to smear microscopy in May be used as replacement to smear microscopy or adjunct to smear microscopy in 

smear negative samplessmear negative samples

•• Available in China, South Korea, Taiwan, Thailand and Japan (August 2016)Available in China, South Korea, Taiwan, Thailand and Japan (August 2016)

TB LAMP (TB LAMP (EIKENEIKEN))

Feasible to be implemented in peripheral microscopy labFeasible to be implemented in peripheral microscopy lab

Do not require sophisticated instrumentationDo not require sophisticated instrumentation

Biosafety requirements similar to those performing sputum smear microscopyBiosafety requirements similar to those performing sputum smear microscopy

May be used as replacement to smear microscopy or adjunct to smear microscopy in May be used as replacement to smear microscopy or adjunct to smear microscopy in 

Available in China, South Korea, Taiwan, Thailand and Japan (August 2016)Available in China, South Korea, Taiwan, Thailand and Japan (August 2016)



LOOP MEDIATED ISOTHERMAL LOOP MEDIATED ISOTHERMAL 
AMPLIFICATION (LAMP)AMPLIFICATION (LAMP)

•• Amplification and detection on gene completed in a Amplification and detection on gene completed in a 

single step by incubating mixture of sample, primers, single step by incubating mixture of sample, primers, 

DNA polymerase with strand displacement activity and DNA polymerase with strand displacement activity and DNA polymerase with strand displacement activity and DNA polymerase with strand displacement activity and 

substrates at constant temperature  69˚Csubstrates at constant temperature  69˚C

•• Reagents located at the cap of reaction tubesReagents located at the cap of reaction tubes

•• Detection by fluorescence dyeDetection by fluorescence dye
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DEVELOPMENTS IN OTHER AREAS?DEVELOPMENTS IN OTHER AREAS?DEVELOPMENTS IN OTHER AREAS?DEVELOPMENTS IN OTHER AREAS?

STILL UNDERGOING VALIDATION…STILL UNDERGOING VALIDATION…
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IMPROVEMENT IN SAMPLE COLLECTION IMPROVEMENT IN SAMPLE COLLECTION 

•• Major persistent problem with collection of adequate specimen when patient unable Major persistent problem with collection of adequate specimen when patient unable 

to provide sufficient volume of specimento provide sufficient volume of specimen

•• Sputum induction may need additional effort, cost and increased risk to the medical Sputum induction may need additional effort, cost and increased risk to the medical 

personnelpersonnelpersonnelpersonnel

•• New product: Lung Flute from Medical Acoustics (USA)New product: Lung Flute from Medical Acoustics (USA)

•• NonNon--invasive, user holds a small plastic device to their lips and exhale into it. This invasive, user holds a small plastic device to their lips and exhale into it. This 

creates vibrations in the lungs that help to loosen and liquefy sputum in the alveolar creates vibrations in the lungs that help to loosen and liquefy sputum in the alveolar 

cavities.cavities.

•• Sensitivity hypertonic saline vs Lung flute is Sensitivity hypertonic saline vs Lung flute is 
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Sensitivity hypertonic saline vs Lung flute is Sensitivity hypertonic saline vs Lung flute is 7878..44% and % and 8484..33%%



MAINTAINING SPECIMEN IN OPTIMAL MAINTAINING SPECIMEN IN OPTIMAL 
CONDITIONCONDITION

•• Product are being developed to liquefy and decontaminate sample allowing it to be Product are being developed to liquefy and decontaminate sample allowing it to be 

transported without cold chaintransported without cold chain

•• Allow transport of samples up to 8 days without cold chainAllow transport of samples up to 8 days without cold chain

•• Significant reduction in culture contamination Significant reduction in culture contamination 
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CONDITIONCONDITION

Product are being developed to liquefy and decontaminate sample allowing it to be Product are being developed to liquefy and decontaminate sample allowing it to be 
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Significant reduction in culture contamination Significant reduction in culture contamination fomfom 13% to 0%13% to 0%



AUTOMATED MICROSCOPYAUTOMATED MICROSCOPYAUTOMATED MICROSCOPYAUTOMATED MICROSCOPY





RAPID SCREENING OF TB INFECTION AT RAPID SCREENING OF TB INFECTION AT 
POINT OF CARE: VOLATILE COMPOUNDSPOINT OF CARE: VOLATILE COMPOUNDS

•• Proven by giant pouch rats which can accurately predict active PTB by sniffing Proven by giant pouch rats which can accurately predict active PTB by sniffing 

sputum specimenssputum specimens

•• Still in early developmentsStill in early developments

•• eNose undergoing validation studies in Bangladesh, Indonesia Kenya, South Africa eNose undergoing validation studies in Bangladesh, Indonesia Kenya, South Africa 

and Venezualaand Venezuala
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SMELL THE TBSMELL THE TBSMELL THE TBSMELL THE TB





MOLECULAR DETECTIONS /DSTMOLECULAR DETECTIONS /DST

•• Genedrive (Epistem)Genedrive (Epistem)

•• Truelab(Molbio)Truelab(Molbio)

•• Expert UltraExpert Ultra•• Expert UltraExpert Ultra

All are in late or completed development and available in some All are in late or completed development and available in some 

countriescountries

Awaiting WHO endorsementAwaiting WHO endorsement
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MICROARRAYMICROARRAY--BASED PLATFORMSBASED PLATFORMS

•• Oligonucleotide capture probes are printed as clearly Oligonucleotide capture probes are printed as clearly 

defined spots on a surfacedefined spots on a surface

•• Their smaller size enables more spots to be printed to detect Their smaller size enables more spots to be printed to detect •• Their smaller size enables more spots to be printed to detect Their smaller size enables more spots to be printed to detect 

amplified target DNAamplified target DNA

•• Offer greater discriminatory power to a wider variety of Offer greater discriminatory power to a wider variety of 

drug resistance markers in a single test formatdrug resistance markers in a single test format

•• Many are used in research purposes as yet.Many are used in research purposes as yet.
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CONCLUSIONCONCLUSION

•• The last two decades showed tremendous progress in The last two decades showed tremendous progress in 

TB diagnostic testsTB diagnostic tests

•• Simpler, faster and cheaper test are needed and being Simpler, faster and cheaper test are needed and being •• Simpler, faster and cheaper test are needed and being Simpler, faster and cheaper test are needed and being 

developed to diagnose TB and MDR TB at the point of developed to diagnose TB and MDR TB at the point of 

care testingcare testing

•• TB has been here for a very long time and we will TB has been here for a very long time and we will 

never win IFnever win IF
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