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Inefficiency of global TB case detection — =i =

2006 Global TB Report, WHO

[ ] Smear-positive reported 2,216,108
[l Smear-positive undetected/unreported 1,722,892  g—
B Smear-negative reported 2,304,640
[] Smear-negative undetected/unreported 2,674,360 @ —

Total 8,918,000

Source: Open Forum, Global TB Alliance Conference, Addis Ababa August 10
http://www.tballiance.org/events/downloads/of4/presentations/Roscigno-Update-on-TB-Diagnostics.pdf
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Overall problem: STor.IB
MDR-TB diagnostic and treatment levels far too low
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No diagnosis and treatment
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cases




What about Drug-Resistance?

HIV-Associated MDR & XDR 1B in S Africa

e = =1

Median survival:

*MIDR-TB - 60 days

Ser«ivol Diatribedion Functian

eXDR-TB - 29 days

Source: Gandhi, N. HIV and Drug-Resistant TB
What do we knoweWhat do we need to know and do?g 7-19-09
Stop TB files: http://www.stoptb.org/wg/tb_hiv/assets/documents/MDRAND~1.PDF



The odds in the co-infected...

= Globally, less than 3% of pts with HIV are screened for TB

= Less than 20% of TB pts are aware of their HIV status

= Up to 24.7% of HIV pts diagnosed with TB as begin ART-related care
= How well are we doing at screening?

= Bassett |, et al. Durban 2010

= Prospectively enrolled adults, regardless of TB signs/sxs undergoing ART
training. All provided 1 sample for smear/culture.

= Median CD4 100; 19% had + sputum cxs (only 9% were smear + as well); only
52% reported a cough

= Incremental cost of intensive screening including culture was $360 per
additional TB case identified.

= Subclinical TB

= Meta-analysis of intensified case finding — 4 additional cases per 100 pts
screened v s

= Competing constraints:
= Culture availability
= Will we create a bottleneck and delay ART?



The current state of affairs

= The truth about AFB
smears:

= Poor sensitivity

= 35-70% in pulmonary disease
= EPTB: much less

" [nadequate quality control

= Repeated specimens
= Drop out rates: 37%

= Cannot ascertain drug-
resistance

Source : http://www.rshm.gov.tr/en/tbc/tbcll.jpg;

http://www.msh.org/expertise/tuberculosis/images/doctor_microscope laboratory 310x23
4.ipg
Ramsay et al. J Trop Med 2009



http://www.rshm.gov.tr/en/tbc/tbc11.jpg
http://www.msh.org/expertise/tuberculosis/images/doctor_microscope_laboratory_310x234.jpg
http://www.msh.org/expertise/tuberculosis/images/doctor_microscope_laboratory_310x234.jpg

Can we maximize the yield of smear microscopy?

=" Fluorescence microscopy:
= 10% gain
" Light-emitting diode (LED) FM:
= Lower cost, durability and no
need for dark-room

= Centrifugation, overnight
sedimentation, bleach
processing: 6-9% gain

= 3rdsputum vield: 2-5%

= Same day: 2 spot sputums are
equivalent to conventional
strategies

Auramine-0 3

http://www.info.gov.hk/tb chest/contents/images/tblab4.ipg
Ramsay et al. J Trop Med 2009
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The slow road to TB diagnosis e

Patient
returns
to clinic

AFB+:

TB diagnosi
made

Threshold for visibility of AFB by smear micoscopy

]ﬂ,{"]“-----------------------------

Infection of Patient First smaar: Patient visits
healthy patient visits clinic: AFE negative pharmacy
no diagnosis
made

Murmber of TB bacllli per millillre
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Source: Open Forum, Global TB Alliance Conference, Addis Ababa August 10
http://www.tballiance.org/events/downloads/of4/presentations/Roscigno-Update-on-TB-Diagnostics.pdf



TST vs IGRA - utility in RLS?

"= Neither can be used to definitively rule in or rule out
active TB disease

= Performance of TST in active TB disease:

= Site of disease
= Acuity of illness
= EPTB, disseminated: poorer sensitivity

= Host: HIV co-infection — lower + TST rates
" Interferon gamma release assays (IGRAs):

= Meta-analysis in Active TB (86% studies included HIV+) — Sester M et al ERJ 2010
= Active pulmonary TB: sensitivity 80%; non-blood specimens: 48% (BAL, pleural, CSF)
with a specificity 79-82%
= Tspot TB: sensitivity 81% and 88% (for non-blood specimens)
= Specificity inadequate since cannot distinguish latent from active
= Higher % indeterminate in immnosuppressed hosts

= Meta-analysis, (Diel R et al. Chest 2009)

= TST 70% sensitivity
= |n developing countries, QFT-IT (84%) and TSPOTTB (90%)
= Indeterminate rates increased in immunosuppressed hosts (from 2-1-3.8% to up to 6.1%)



Radiography?

" Chest Radiography:

" |n co-infection, up to 15% pts with
TB (culture confirmed) may have a
clear CXR

= Computed Tomography & other:

* Llymphadenopathy (intrathoracic)
or intra-abdominal (on U/S)

= Subtle parenchymal involvement

= Beware of non-tuberculous
mycobacteria

= Differential diagnosis:

= the big mimickers - fungi,
malignancy

= No drug-susceptibility information L

Source: http://www.cdc.gov/ncidod/eid/vol7no6/images/jernigan6b.ipg
http://img.medscape.com/pi/emed/ckb/radiology/336139-358828-7137.jpg



http://www.cdc.gov/ncidod/eid/vol7no6/images/jernigan6b.jpg

Histopathology

= Access to tissue and pathology is limited
RLS

= Tissue is the Issue:

= Pleural

= Pericardial

= Peritoneal

= Lymphadenopathic

= QOther forms of extrapulmonary TB
= No DST data

= |f no AFB noted, there is a differential
diagnosis to granulomatous involvement

" |n advanced immunosuppression: may not
see granulomatous changes

= Cell-mediated immunity & granuloma

N,
= -,
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Source:

http://3.bp.blogspot.com/ S5dFdpF6xmO/SrTxvSRDO6I/AAAAAAAAAVU/XZ2L280NApw/s400/lung_inflammation Wegener's granulomatosis
flickr Pulmonary Pathology.ipg
http://www.som.tulane.edu/classware/pathology/medical_pathology/InflamDermato/S12C2Granuloma/S12C12P2AFBInfection/atypafb0002.

JpPg



http://3.bp.blogspot.com/_S5dFdpF6xm0/SrTxvSRD06I/AAAAAAAAAVU/XZ2L28ONApw/s400/lung_inflammation_Wegener's_granulomatosis_flickr_Pulmonary_Pathology.jpg
http://3.bp.blogspot.com/_S5dFdpF6xm0/SrTxvSRD06I/AAAAAAAAAVU/XZ2L28ONApw/s400/lung_inflammation_Wegener's_granulomatosis_flickr_Pulmonary_Pathology.jpg

Clinical Algorithms?

" Bridging the gap with Smear Negative TB

= D. Wilson et al, Int J Tub Dis 2006

= Expanded case definitions for SNTB among HIV pts: weight,
Hemoglobin, Karnofsky score, C-reactive protein — serially
through 8 wks. PPV >86%

= Use of CRP and other algorithms: nurse-initiated approach

= What about coinfected patients who make it on to
treatment and die?

= Post-mortem study, KZN (T. Cohen and D. Wilson et al
2010):
= 240 inpatients dying after admission. Autopsies: resp tract
secretions, needle core biopsies of lung, liver and spleen

= 50% culture positive and 50% already on TB rx at the time of
death
= 17% had MDRTB (all on first-line TB regimens)



Importance of early diagnosis:

faar Fncwalneg rsney cliacycest
Sensitivity (cfu/ml) of pulmonary TB tests in porifolio
Capilia®
iLED™* speciation
Target sensitivity range of FIND antigen fluorescent dipstick (of
detection tests microscope culture)
|( ‘\ 10,000/ml 1,000,000/ml

l

Line-probe”
10,000/mil

LAMP-TB
30-130/mi

Xpert MTB™
50-150/ml

10-100/ml

0 1 2 3 4 5 6
Log cful/mi

* Development completed

Source: Open Forum, Global TB Alliance Conference, Addis Ababa August 10
http://www.tballiance.org/events/downloads/of4/presentations/Roscigno-Update-on-TB-Diagnostics.pdf



Where does the W.H.O. stand re TB diagnostics?

= Smear microscopy:
= Only takes 1 + smear to make a TB diagnosis
" |n resource-constrained settings, ok to use 2 instead of 3

samples
= LED microscopy in all settings where fluorescence microscopy is
used
= Same day microscopy: 2 samples, esp if high rates of default
= Culture:

= Use of liquid-based media and DST
= Goal of Molecular Diagnostics and/or Liquid based culture
with DST:
" |nterim: MODS and colorimetric assays

= Line probe assay for screening for MDR in pts at risk:

= Only for smear positives
= DST still needed for XDR

Source: W.H.O.
www.who.int/tb/research/retoooling/en/index.html



National TB Programs (NTP) — what is their status?

= 2009, Audit of NTPs in high-burden contries

" Only 50% are implementing TB diagnostic tools
recommended by the W.H.O.

= All countries responding to survey plan to adopt
the newly endorsed diagnostics at the reference
lab level
= Less attention to smear microscopy

= Multiple challenges in the implementation of
recommendations



What about MODS ?

W.H.O. endorses MODS assays as an interim measure while capacity for
automated liquid cx and DST are developed d/t low cost and low-
training needs

Liquid media including in the presence of drug, inoculated with patient
samples — examined for early growth/micro-colonies

=  Growth on drug-free media: positive TB culture

=  Growth on drug containing media: drug-resistance
Meta-analysis, Minion et al Lancet ID 2010

= MODS: Rifampin resistance —98% sensitive, 99.4% specific; INH: 97.7%
sensitive, 95.8% specific

= Of note, high sensitivity for detecting quinolone resistance (Devasia et al JAC
2009)

Overall: faster than liquid culture, can be used in both smear positives
and smear negatives

= Easier to implement if strong microscopy services

= Emerging data in EPTB

= [ssues: differentiation from NTM, still need biosafety and training

Source: http://www1.imperial.ac.uk/resources/67BD07F8-9FBE-4EFF-A246-
0275AB8B97B8/&img



Diagnostic
Method

Sensitivity &
Specificity
For MDR

Time to
Diagnosis

Lab
infrastructure
& Cost

Limitations/
other issues

MODS

(Moore et al. NEJM 2007)

For SMEAR
POSITIVES:

Sens: 88.6%
Spec: 100%
Agreement with DST:
99% for both INH+ Rif

For SMEAR
NEGATIVES:
Sensitivity not affected
by SN status

Hain GenoType®
MTBDRplUS (Barnard et

al. AJRCC 2008; Giotto et al J Clin
Micro 2008)

FOR SMEAR
POSITIVES:
Sens: 98.8%
Spec: 100%
INH/RIF testing

2nd line drug testing
available

FOR SMEAR
NEGATIVES:
Concordance decreases
to 58% in smear neg
samples

Conventional

DST

Requires culture to be done
first

Up to 10-20% of specimens
can be culture negative

7-days for smear
positives
10 days for smear neg

1-2 days for both smear
positive and negative

Requires culture growth:
22 days (liquid)
68 days (solid)

Inverted light-
microscope

Cost: $2 + labor

*Manual PCR
methodology/infrast.
needed; yet done at TB
lab where no previous
molecular testing done

*FIND negotiating price

<50% conventional cx &
DST

Including culture with DST:
100 USD

«Contamination: up to
8%; <0.5% a final result
cannot be established
*Discrimination MTB
vs NTM

*Potential for
contamination

*Smear negatives: a
significant limitation

*Contamination in up to
15%

‘MTB vs NTM
*Reference labs can

perform DST for second-
line drugs




LPA for XDR: An update ~FIND

Resistant strains
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Using MTBDRsI to detect
quinolone, aminoglycosid &
ethambutol resistance

Evaluation GenoType® MTBDRsI assay
Doris Hillemann, Sabine Riisch-Gerdes, and Elvira Richter

— oundation =,

for innovative new diagnostics

® Overall sensitivity for OFL, AM, CM and
EMB was 90.2 %, 83.3 %, 86.8 % and 59.0 %,
respectively.

* Specificity was 100 % for FLQ, AM, and
EMB, and 99.1 % for CM.

® The rapid detection of XDR strains is
possible from DNA isolates and directly from
sputum specimens.

A technology platform for

= TB MDR (Rif & INH
resistance)

» TB XDR (Quinolone
resistance)

» Potential for knowledge and
know how transfer for Early
Infant Diagnosis for HIV




Cepheid & XPERT TB/RIF

= Automated molecular test for ke o SNTOOEN
MTB & rifampin resistance
= 1730 pts:
= Peru, Azerbaijan, S. Africa & India
= Can be used directly with sputum

= Smear positives:
= Sensitivity: 98.2%
= Specificity: 99.2%
= Smear negatives:
= 1specimen: 72.5%
= 3 specimens: 90.2%
= MTB/RIF resistance testing:

identified correctly 97.6% with
rifampicin resistance

mew Sy Bheps
rrytiyed o P el

5

Source: http://www.ajc.com/health/new-test-seen-as-604835.html;
www.finddiagnostics.org
Boehme C et al. NEJM 2010
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http://www.ajc.com/health/new-test-seen-as-604835.html
http://www.ajc.com/health/new-test-seen-as-604835.html
http://www.finddiagnostics.org/

XPERT TB: the panacea?

Pros

Simple, requires minimal training
FAST

Less prone to cross-
contamination

Requires minimal biosafety
facilities

High sensitivity in Smear negative
pts (esp with 3 samples)

A step forward in decentralizing
molecular diagnostics

— Studies needed to see how it
performs in other settings

Limitations

High cost

Tests only for rifampin
resistance

Does not indicate which pts
are smear +



Decentralization of molecular diagnostics FinD

foundlation
for innovative new diagnostics

dog
1st generation §
MDR Gf)?
. /0) )/,
Q %
U

2nd generation O?O
automated MDR f@

1st generation
manual detection {}?@
6‘\

50 NC

2nd generation
manual detection

POC test

|
2015




TB Biomarker Discovery & Evaluation fiﬂD

Focus on “omics” Discovery Technologies B

4 urine candidate peptides Iin
validation studies

Several new peptide signatures
discovered in urine -
Immunoassays in development

Sputum lipidomics discovery
yielded markers giving >90% dx
accuracy

LAM (Lipoarabinomannan) studies
ongoing

rinnovative new diagnostics



Diagnostic
Method

Sensitivity &
Specificity
For MDR

Time to
Diagnosis

Lab
infrastructure
& Cost

Limitations/
other issues

MODS

(Moore et al. NEJM 2007)

For SMEAR
POSITIVES:

Sens: 88.6%
Spec: 100%
Agreement with DST:
99% for both INH+ Rif

For SMEAR
NEGATIVES:

Sensitivity not affected
by SN status

Hain GenoType®
MTBDRplUS (Barnard et

al. AURCC 2008; Giotto et al J Clin
Micro 2008)

FOR SMEAR
POSITIVES:
Sens: 98.8%
Spec: 100%
INH/RIF testing

2nd |ine drug testing
available

FOR SMEAR
NEGATIVES:
Concordance decreases
to 58% in smear neg
samples

Conventional

DST

Requires culture to be done
first

Up to 10-20% of specimens
can be culture negative

XPERT TB (Cepheid)
(Boehme et al. NEJM 2010)

FOR SMEAR POSITIVES:
Sens: 98.2% (single)
Spec: 99.2%

97.5% correct identification of
Rif-R

FOR SMEAR NEGATIVES:
1 sputum sample: 72.5%
3 sputums: 90.2%

7-days for smear 1-2 days for both smear Requires culture growth: <2 hours
positives positive and negative 22 days (liquid)

10 days for smear neg 68 days (solid)

Inverted light- *Manual PCR Including culture with DST: | Automated
microscope methodology/infrast. 100 USD Minimal training

Cost: $2 + labor

needed; yet done at TB
lab where no previous
molecular testing done

*FIND negotiating price
<50% conventional cx &
DST

No infection control issues
Low/no cross-contamination
Machine: approx 30, 000 USD
Test: approx 64 USD

«Contamination: up to
8%; <0.5% a final result
cannot be established
*Discrimination MTB
vs NTM

*Potential for
contamination

*Smear negatives: a
significant limitation

*Contamination in up to
15%

‘MTB vs NTM
*Reference labs can

perform DST for second-
line drugs

*Platform only tests for RIF-R

*No info available re whether
smear +




“If an improved rapid nucleic acid-
amplification test is adopted globally, it could
help avert more than 15 million TB-related
deaths by 2050.

However, even the most promising diagnostic
test will have only limited impact if it does not
reach the patients who need it.”






A few final reflections...

= Atestis just a test:
= How to use it; in whom and how to interpret it

= Screening must be improved with more sensitive
tools

= TB detection & drug-resistance go hand-in-hand

= Though automated molecular methods offer
significant promise

= Until simpler, more available methods can reach point-
of-care, we remain somewhat cautious re advances

" Programmatic constraints & challenges in
implementation still formidable

= Political will



Source: http://www.google.com/imgres?imgurl=http://i207.photobucket.com/albums/bb206/smcpatrick/Sisyphus.jpg
http://www.google.com/imgres?imgurl=http://www.cosafa.com/photos/06-10-05
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Achievements as per WHO
endorsements 2007-2010

Importance of

FIND

fﬁ:clh

for iInncvative new diagnostics

a)@diagnosis & @ b) smear-negative TB; @ MDR/XDR de@

Expected
2010

ntegrated NAAT
1B, Rif

_ Sensitivit
I_ Year Technology Turnaround time : %
;__L gain
e | Before 2007 <i micrascopy &2 days Baseline
Solid Culture 30-60 days
Liquid Culture / DST 9
2007 q | -l 15-30 days +10% compared |
Rapid speciation to LJ
HE ine Probe Assa is ti
2008 . _ 2.4 days At this time for
1st line, Rif & INH S+ only
e — 0
L0 LED-based FM 1-2 days F 10k compatec
| 2009 to ZN
' Conditional In house DST
it 0 st Iy
; : 2010 | (MODS, CRI, NRA) 15-30 days 15t line only

+40% compared
to ZN |




