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Outline

* Urine for diagnosis
* The need for urine-based TB diagnosis
* What to look for — TB antigens

* Urine-based TB diagnosis: optimisation before
implementation

e LAM - development/initial evaluation

* LAM - reevaluation/vulnerable group targeting
e POC LAM - lateral flow assay (‘a new ball game’)
* Forward — answering the bottom line

* Round again — back to the ‘bench’
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Urine for diagnosis

Urine in some
cultures seen as
mystical

Early physicians interested
in the properties of urine

oL ——

Numerous urine-based &

diagnostics from simple
dipsticks to antigen-
detection kits for infections
such as strep. pneumoniae
and Legionella spp.
2 4 BinaxNOW

Legionella

Why urine?

Advantages of use
» Urine easily attainable
» Almost always available -
» Low infectious risk
during collection
» Ease of processing and
storage

» Simple and non-viscous
fluid (POC test)
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Why urine for TB diagnosis?

e All previous advantages
PLUS

e EPTB/disseminated TB
e Children

* Sputum scarce

Diagnostically challenging!

What to look for in urine?

¢ Presence of viable TB bacilli
unusual (poor performance of
urine smear and culture as renal
TB uncommon for of EPTB)

* Need to look for host/pathogen
filtered substances e.g. M.tb
antigens

Mycobacterial DNA & LAM
are detected in the urine

Renal TB

Peter and Dheda COPM 2010




TB antigen detection
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The urine LAM story...

Lam ELISA
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optimisation or a 2011
new antigen?

Development and initial evaluation

 Hamasur and colleagues developed LAM ELISA
with 1%t generation pre-commercial prototype
[ MTB LAM ELISA, Chemogen, Portland, USA]

e 2005, Tanzania, Boehme et al 235 pts. (60%
HIV-infected)

Overall sensitivity: 80% (HIV-infected: 81%)
Overall specificity: 99%
VERY PROMISING!

15/03/2012



15/03/2012

Sub t evaluation
Evaluable pts Overall sensitivity( 95%Cl), Overall specificity Sensitivity (95%C1)
Stud Clinical subgroup and tested/ Total HIV HIV pos. pts, (95%C1), In smear negative.
udy country number (%pos.) HIV pos. pts with HIV pos. pts, Culture- positive. TB
recruited CD4< 200cells/pl HIV pos. pts with cases [n]
OVERALL  18(9-33) 88(81-92) [n=12] 25 (4-64)
Daley et al.”(22) Outpatient clinic (India) 200/200 8.5% HIV+ 20(1-77) 83(51-97) N/R
CD4<200  N/R N/R N/R
RN OVERALL 5-63) 88(79-94) [n=21) 38 (N/R)
Reither et al.°(24) O“tiat‘e"t_c')‘"'c 151/291 59.1%  HIV+ @17-75) 84(68-94) 42 (N/R)
EIFENIE] CD4<200 /R N/R N/R
R OVERALL  44(36-54) 1—94) [n=40] 28 (13-43)
o Outpatient clinic
Mutetwa et al.’(23) (Zmbobwe) 261/397 77%  HIV+ 92(43-62) 86(73-93) N/R
LTS CD4<200 /R N/R N/R
c B OVERALL -19) 99]97-100) [n=70] 9 (3-20)
(.:‘)hf:a;‘af.‘c;n) Oulpa"e;\‘;r_cc"a")‘c(s"“‘h 427/500 31%  HIV+ %1735) 10d(91-100) 18 (7-39)
in preparati ! CD4<200  37(19-59) 10q(84-100) 29 (8-64)
X - T
R A
5 - -
Lawn et al.” (26) atfyn:p;:matﬂcArfily ) 235/235 100%  Cnicoa00 e R 35t (N/R
e R CD4< 50 7(44-84) N/R 56t (N/R)
OVERALL (52-66) 96(91-99) [n=111)( 56 JN/R)
5 In-patients HIV+ (59-74) 94(87-98) N,
et citel 62 (South Africa) Sl 85%  Cpaso-100 51-87) N/R N/R
CD4 <50 @ 3-93) N/R N/R
b Used a second version (different polyclonal antibody) of the MTB LAM ELISA prototype (Chemogen, Portland, USA).
¢ Used the commercially available Clearview® TB ELISA assay (Inverness Medical Innovations
Peter et al. COPM 2010

Where to from there?

Targeting/potential utility Specificity concerns

* Potential use in vulnerable * Concern about specificity in
group — HIV-infected with countries north of SA

advanced (?’NTMs higher rates)

'mmunosuppression * Need to investigate further
* Development of point-of- with additional studies and
care urine LAM lateral flow back to the ‘bench’

test
Urine

LAM




Point-of care LAM strip test

e 25-35 mins @

* <USS$3.5
¢ Only 60pl urine required

[* Hold the card alongside the patient window and read the result
|* Store the card in the kit pouch away from direct light and heat
[* Do not use the card beyond the expiration date

Alere Determine™ TB LAM Ag
Reference Scale Card

« Best diagnostic Positive Negative
performance in HIV- N | ‘ ||
infected vulnerable group L N 2

(high sputum scarcity, high ] G,_L

early mortality) iy

Cut-point

Clinical utility of this POC?

Urine loading

Control window
(band required
for valid test)
Patient window
(band intensity interpreted

platform (60! urine) using reference scale card)

collection

Clinical trials — need to use sterile containers in urine

Beware of low-level urine LAM positivity
Need for development of more specific anti-LAM
antibodies (monoclonal m.tb specific anti-LAM)
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LAM strip test evaluations

2 published studies to date

1) Outpatients, TB screening (active case finding) in

HIV-infected patients pre-ARV initiation
TB: 17.4% (94/542); median(IQR) CD4 cell count: 169.5 (100-233)

Lawn et al. 2011 LID

2) HIV, TB suspects with illness severity to require

hospitalisation
TB: 48% (116/242); median(IQR) CD4 cell count: 90 (47-197)

Peter et al. 2012 ERJ

TB Screening in ARV-clinic

Manufacturer’s grade 1 visual cut-point

* Overall LAM strip sensitivity: 28% (19-39)
e Overall LAM strip specificity: 99% (97-100)
(2 NTM false positives)

CD4<100 cells/ml:

* Overall LAM strip sensitivity: 52% (33-71)
e Sputum smear + LAM: 66% (46-82)
* Single sputum MTB/RIF: 76% (57-90)
* LAM strip equivalent to LAM ELISA

Lawn et al. 2011 LID
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TB diagnosis in hospitalised HIV-infected

Group 1 patients Group 2 non-TB
) R Microbiological reference Composite reference standard control patients
Diagnostic test(s) (M.th culture positive vs. negative) | (Definite- & Prob.-TB vs. non-TB) (N=88)
(N=242) (N=214)
Sensitivity Specificity Sensitivity Specificity Specificity
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
56“ #1 9011‘ 44']-6 96
Rapid smear microscopy’ (47-65) (B4-95) (37-51) (89-100) N/R
65/116 114/126 82/187 26/27
59 807 51 96 99"
LAM ELISA® (50-68) (72-86) (44-58) (89-100) (94-100)
68/115 98/123 93/183 24/25 B7/88
S i 0 8
LAM strip test® ’ @ ’ @
(grade 1 cui-point) (57-14) -73) (53-67) (89-T00) (82-95)
77116 82/125 112/187 26/27 T9/88
o @ @ - ® @
(gLA:’ 2’""‘: tost o 71-59) (57-82) (39-53) (89T00) 7100)
rAED & CRipo 3/116 94/125 85/187 26127 87/88
LAM strip test (grade 2 cut-
s 39 38
point) in smear- (28-52) N/A (29-48) N/A N/A
ncganveispun‘n.n scarce M.th /56 36195
culture positive
Combined sputum smear " 738 X i 93"t 99"
microscopy and LAM strip test ~78) (65-80) (56-70) (83-100) (94-100)
(grade 2 cut-point) 82/116 92/126 118/187 2527 87/88

Peter et al. 2012 ERJ

TB diagnosis in hospitalised HIV-infected

HIV-infected patients with
CIM count =200 cells'ml

Group 1 patients
leljcr:a&hrdamdncg: = Composite reference Group 2
(Mut culture positive standard (Definite- & patients
. [br Prob.-TB vs. non-TB) | (N=84)
'vi. negative) N=147)
(N=173) o
| (5% CT) | (95%CI) | (95%CL | (95% CI) | (95%CI) |
56" g 44% 100
(45-66) (B6-97) (36-53) (791000 NR
45181 8492 S8131 1616
70" 75 597 94 97"
(59-79) (67-85) (50-67) (70-100) | (90-100)
5680 691 76129 1516 2829
T2 617 64 94 87
(61-80) (51-71) (56-72) (70-100) (75-99)
58781 56/92 841131 15116 2630
58" 72" 527 94 977"
(47-68) (63-81) (43-60) (70-100) (90-100)
47181 6692 68131 1516 29030
51 43
(36-66) NIA (32-54) NiA NIA
21141 im
-lrsr:!.' 70‘”!5 63"0"'.- ]w‘ll
(65-83) (60-79) (60-75) (79-1000 NR
B1/E] 64/92 897131 16716

Sensitivity improved with decreasing
CDA4 cell count

Grade-2 cut-point superior
specificity in group-2 patients
Specificity differences between
analysis 1 and 2 likely reflect
suboptimal culture performance in
hospitalised TB HIV co-infected
patients with advanced
immunosuppression

CONCERNS:

Specificity may be suboptimal

(already raised)

The lateral flow assay (human element)

Peter et al. 2012 ERJ
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Agreement... disagreement

What could account for this difference in agreement?

Problem with the interpretation of faint bands (grade 0/1)

* Different study populations (hospitalisation, lower median CD4)
?low-level cross-reactants in urine of hospitalised patients

* LAM ELISA optical density high in 24 positive patients in the
outpatient study (more likely to have higher LAM strip grade)

* Batch variability
* Reader experience
» Storage conditions

Where to from here?

15/03/2012
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Current/ongoing studies

 Liz Talbot’s data (also showing modest
performance)

e CDC study (Dorman/Nicol) — Ugandan
e Nicol —children data

Results consistent with published data

Similar difficulties reading strips at faint bands in
different light conditions

Mechanisms for LAM positivity in HIV-infected

A B Cc
Mo [ Host/Pathogen factors:
% % ¢ Total bacillary load
i . A (Shah et al. 2010
% mmmmm ot JCM)
sJ * y * Low CD4
Ol wko 1s0kos 19K0a * Mycobacteriuria
mmmmmmm plox (non-viable)
- - —— —_——— = - - Not
! O N et - * RFLP TB strain
i l [ow] * TB treatment
E . bt outcome
l ¢ J' e ?proteinuria
Urine Mib  Magative Negative Poaitve
Urine LAM Negatve Positive [

Wood et al. 2012 BMC inf dis
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Targeting to sputum scarce

Sputum-based diagnostic unhelpful
10-20% HIV-infected patients
Urine-based LAM and Xpert MTB/RIF
48% urine Xpert MTB/RIF positive
48% urine LAM strip test positive
64% combined Xpert + LAM

Urine centrifugation and pelleting improved
performance

Patient outcomes - RCT

Testing the bottom-line with a suboptimal
test...

Given the advantages, and using it as a
diagnostic adjunct, will urine LAM strip test
impact patient care

Given empiric TB treatment trials in this group
and the impact of treatment algorithms on
mortality (Holtz et al. 2011 L/D)

15/03/2012
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Do not
enroll

Screening of HIV-infected TB suspects

Patient meets inclusion Patient meets exclusion criteria

Informed =
consent * Clinical details
Randomization of admitted patients (24 hour * Morbidity
SMS based randomisation) indices
* POC HIV test
* POC CD4 count

Urine LAM plus arm Routine care arm

* Determine TB urine LAM 2 sputum smears* and TB
* 2 sputum smears* and TB cultures* (induced sputum if
cultures* (induced sputum if required)

required) * TB blood culture

* TB blood culture * non-sputum sample smear
* non-sputum sample smear and and MGIT TB culture
MGIT TB culture

TB treatment
(document time-to-
1 diagnosis and time-
to treatment

initiation)

Urine LAM strip +ve
and/or smear +ve®

All rapid tests negative, continue routine clinical f
management and deciesion on empiric TB treatment
to be made by attending clinicains

8-week follow-up for all patients

Deceased patients (limited PM where possible)
Morbidity indices (TB score and Karnofsky)
Hospital length of stay

Back to the ‘bench’

* Improved/different detection platforms
e.g. Aptamers, SERS

* Mass spec approach to look for low conc. LAM
in non HIV-infected patients

* Monoclonal m.tb-specific anti-LAM antibodies

 Different antigens/biomarkers (proteomic
discovery work)

15/03/2012
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Summary

Urine-based diagnostics for TB offer important
advantages

Urine-LAM (ELISA and strip) performs best in HIV-
infected patients with advanced immunosuppression
New problems of lateral flow format

Can a suboptimal test have patient-important impact?

Parallel processes in test optimisation, evaluation and
implementation required with

— test evaluations (old and new formats)

— investigation of host-pathogen factors affecting test
performance

— test optimisation to improve appropriate performance
(‘rule-in’)

— ongoing discovery work for better antigens and biomarkers

Funding Agencies:

- WAL I
TR 1~ * o %
&) Discovery S
" Foundation z &
— | — CFHE,!'\\:‘\A
STV AR
EUFP7 Discovery NIH Fogerty

National
RF [, ALY

) EDCT?P
South African I
National Research South African
Foundation EDCTP MRC

15/03/2012

14



