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From 3 x 5to Universal Access — Globally that means
10 million plus on ART by 2010

Limited or no stable
Electricity, poor water

supply,
poor facilities

Travel Time

‘4-5 hours 4-5 hours'
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Clinical Need for POC CD4 Technologies

Antiretroviral therapy coverage in low- and middle-income
countries, adults and children [combined], December 2011

Geographicalregion Estimated numberof Estimated number Antiretroviral
people receiving of people needing therapy

ARV therapy ARV therapy coverage

Sub-SaharanAfrica 6 200 000 11 000 000 56%
Latin America and the Caribbean 580 000 850 000 68%
East, South and South-East Asia 1100000 2400000 46%
Europe and Central Asia 130 000 510000 25%
North Africa and the Middle East 17 000 116 000 15%

8 000 000 14 800 000 54%
[13.7—15.6 million] [50-60%]
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WHO recommends ART for HIV+ people with CD4
counts of < 350 cells/mm3 (2010 revision)



CD4 Enumeration
Technologies Avallable



Alere PIMA™ CDA4

- Absolute CD4 enumeration using a small,
portable reader

- Read based on static image; not flow cytometry-
based

- Sample Loading: 25uL capillary or
fingerstick whole blood applied directly to
cartridge

- Time to result: 20 minutes

- Key Features:
- No manual sample handling or processing
- Dried reagents sealed in disposable cartridge
« No refrigeration necessary

« Current Status: Avallable




Evaluations of Alere PIMA™ CD4

- 10 peer-reviewed evaluations have been published

- 1790 participants; 21 ART centers in India (Thakar M, 2012)
- Compared PIMA with reference Flow Cytometry-based methods
- Could identify patients eligible for ART in 91% of cases

- 254 participants; London adult HIV outpatient service (Herbert, A,
2012)

- The laboratory and POCT results were strongly correlated, r=0.93 (p<0.001),
but were generally lower for the POCT

- Sensitivity: 95%; Specificity: 88%

- 206 participants; ID clinical in Kampala, Uganda (Manabe YC, 2012)
- Fingerstick PIMA had a mean bias of —66.3 cells/uL
- Bias smaller in lower CD4 counts (0—250 cells/uL; bias -10.8) and much

greater in higher CD4 counts (>500 cells/uL; bias -120.6)

- Multiple studies have shown reduced correlation with fingerstick
compared to venous blood collection (Glencross, DK, 2012; Diaw, PA,
2011; Thakar M, 2012)

- Training is necessary for finger prick sample collection



Comparison of Fingerstick with

Venipuncture

- Previously IQA compared fingerstick with venipuncture
- 30 donors with blood collected using both methods
- All samples run on FACSCalibur
- No observed bias with fingerstick method

Bland-Altman Plot -
Fingerstick vs. Venipuncture +25D
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Data from Wong, J and Louzau, R



Fingerstick Collection Evaluation

- Small study to assess blood volume collect from
fingerstick

- BD lancets (2mm) — primary; Unistick lancets (3 mm) —
secondary

» 29/30 (96.7%) successful fingersticks
- All successful fingersticks used 2 mm lancet
- 1 fingerstick unsuccessful with either 2 or 3 mm lancet

- Microclots observed during 18t round of collection; with
additional practice only 1 microclot was observed

- Average fingerstick volume ~260 puL; range 150-400 pL

Data from Kelly Seaton



Partec CyFlow® miniPOC

- CD4 # and CD4% enumerations using
advanced laser optics and microfluidics

- Sample Loading: Mix 20uL EDTA blood to dry
MAD tube

- Time to results: Analysis requires 40-70
seconds

- Throughput: 250 tests per day

- Key Features:

- Affordable dry/lyophilized mAb reagents with a 6
month shelf-life

- Can run on power supply, rechargeable battery pack
or solar panels

« Current Status: Avallable



Evaluations of Partec CyFlow® miniPOC

- No peer-reviewed published evaluations
- Preliminary data from NMRL Zimbabwe
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HumaCountCD4 NOW
(Formerly PointCare Now)

- CD4/CD4% Hematology System

- Measures 12 parameters (WBC, HGB, % and #
LYM, NEU, MON, EOS, CDA4)

- Sample Loading: Whole blood from venipuncture
- Time to Results: 8 minutes
- Throughput: ~40-50 samples per day

- Key Features
- No manual preparation steps—closed-tube system
- Heat stable (20-30°C) reagents
- Automated gating

« Current Status: Avallable



Evaluation of HumaCountCDA4

- Bergeron, M, et al. evaluated system (when
PointCareNOW) in 2012

- Five independent evaluations in South Africa and Canada

- Total of 492 blood samples evaluated with PointCareNow
and reference flow cytometry instruments

- PointCareNow significantly overestimated CD4 counts
with a mean relative bias of +35%

- Could identify patients eligible for ART only 47% of cases
- Unclear what changes if any made with HumaCountCD4



CD4 Enumeration
Technologies in Development



Visitect CD4

(Burnet and Omega Diagnostics Ltd.)

- Lateral flow technology that measures CD4 proteins
compared to a control line representing 350 CD4/ pL

- Sample loading: Finger-prick of whole blood applied to
disposable cartridge

- Time to results: Provides semi-quantitative (treat vs. no
treat) results in 40 minutes

- Throughput: ~120 samples per technician per day B
- Cost: ~$5.00/test e
- Key Features: o 0
- Visual result interpretation A
 Optional reader that provides non-subjective result interpretation,
full traceability, and data storage BG
- 97% sensitivity for samples below 350 CD4/uL B N
- 80% specificity for samples about 350 CD4/uL |

- Current Status: Projected Available Late 2013



Evaluations of Visitect CD4

Patients comectly ientified as TREAT" (<350 cells/ul)* o7%

- No peer-reviewed _ =
. . Patients incorrectly identified as ™NO TREAT (<350 cells ful) 3%
published evaluations patntscotectly aneifid 3 NO TREAT (350 <ol 0%
Patiants incormectly identified as “TREAT® (=350 cells /ul)** 20%

- Preliminary data from
Alfred Hospitall, B

Melbourne, Australia

1 1 21 £} 41 51 i In
SAMPLE, RANKED BY CD4 COUNT

2

CD4 COUNT [BY FLOW CYTOMETRY)
g

* 05% C1B46->809

** 3% are berween 350-500 cells/ful, 7% are above S00 celis/ul. Thess patients would receive
ART therapy sooner than recommended by WHO guidelines (20092) for developing countries, but
mast have CO4 counts <500 calls/ul, which i5 the cut-off used in most developed Countries.

Source: http://www.omegadiagnostics.com/cd4/



Zyomyx CD4 test

(Zyomyx, Inc.)

- Utilizes CD4-specific cell stacking approach
(measurement of length as a function of
CD4 cell count)

- Sample Loading: Finger-prick applied to
cartridge

« Time to Results: Less than 10 minutes from
patient to result

- Cost: Less than $10.00 per test

- Key Features
- No electricity or battery required
- Only 2.5” in length
- Equivalent results to flow cytometry

- Current Status: In development




Evaluations of Zyomyx

- No peer-reviewed publications

- Data from Zyomyx shows strong correlation with Flow
Cytometry

Zyomyx CD4 Test vs. Flow Cytometry
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Source: http://www.zyomyx.com



Daktari™ CD4 Counter
(Daktari Diagnostics, Inc.)

- Small, portable device that utilizes microfluidic-based
cartridges to selectively capture CD4 cells

- Sample Loading: Blood from finger-stick is applied
directly to cartridge

- Time to Results: ~10 minutes

- Throughput: ~40-50 samples a day

- Anticipated Cost: ~$8.00 per test

- Key Features

- Absolute CD4 counts are measured via electrochemical sensing (no
lasers)

- No manual sample preparation is required

- Current Status: In development and undergoing performance
evaluation



Evaluations of Daktari™ CD4 Counter

- No independent validation
- Field-testing in Kenya scheduled for summer 2013

- Cheng, X, et al., 2007 evaluated prototype system

- Evaluated 49 HIV-positive subjects

- Close correlation with Flow Cytometry
« <200 cells/uL= 0.86
» <350 cells/uL=0.90
« <500 cells/uL=0.97



MBIo CD4 system
(MBIo Diagnostics® Inc.)

- Two color fluorescence imaging cytometer

- Determines absolute CD4 counts based on immunostaining and
direct cell counting

Sample Loading: Fingerstick or venous whole blood samples applied
to a single-use disposable cartridge

Time to Results: ~25 minutes

- 20 minute incubation period and 3.5 minutes for reader processing
Throughput: ~10-15 samples per hour

Key Features:

- The CD4 cell-counting system consists of a reader and single-use
disposable cartridges

- Future versions will be capable of determining CD4/CDS ratio,
CD4% and hemoglobin

- Samples can be processed in parallel utilizing a separate cartridge
rack with automatic timing

Current Status: Currently undergoing field testing

« CDA4+ cell counts for both capillary and venous whole blood
samples are comparable to those established using flow cytometry
methods




Evaluations of MBio CD4 system

- Mbio in collaboration with University of California, San
Diego evaluated prototype device (Logan, C, et al., 2013)

- 94 venipuncture and 52 capillary samples were analyzed
with both Mbio and Flow Cytometry

- Both showed minimal bias
- Venipuncture mean bias of -10 cells/pL
- Capillary Samples mean bias of -4 cells/uL

- Higher variability with capillary samples vs. venipuncture

- Using a treatment threshold of 350 cells/uL, fingerstick misclassified
two as “no treat”



BD FACSPresto™

(BD Biosciences)

- Small, bench-top, fixed volume cytometer
- Sample loading: blood applied directly to cartridge : 5

- Time to result: ~25 minutes R
- 20 minute incubation of cartridge, 2-5 minute acquisition

- Throughput: 25-30 samples per day

- Key Features:
- Measures absolute CD4, CD4% and hemoglobin

- Current Status: Expected to launch in late 2013
- No evaluations reported by BD or published
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Quality Control / Assessment

- Internal - External
« SOPs - IQA
- Staff Training - UK NEQAS
- Reference Ranges - CAP
- Assay Controls « SA—-NHLS

- QASI



Recommendations to Assess New
Technology

- A validation plan should be developed in collaboration
with a statistician

- New technology should be compared to flow cytometry as
the “Gold Standard” methodology

- Donors with a range of CD4 counts should be tested
- Samples should be blinded to operating technician

- Matched samples should be tested at more than one
testing site, when possible
- Each site should run Flow Cytometry and New Technology

- Testing sites should participate in External Flow
Cytometry QC program(s)



sources

- UNITAID HIV/AIDS Diagnostic Technology Landscape Semi-
Annual Update (Oct. 2012)

- http://www.omegadiagnostics.com/cd4/

- http://www.daktaridx.com/products/

- http://mbiodx.com/products/

- http://www.retroconference.org/2012b/PDFs/686.pdf
- http://www.zyomyx.com/

« https://workspace.imperial.ac.uk/cd4/Public/Zyomyx%20CD4%
200pen%20Day.pdf

« http://pimatest.com/en/pima-platform/pima-cd4.html
 http://www.partec.com/

- http://www.human.de/en/products/hematology/instruments-and-
systems/cell-counter.php



http://www.omegadiagnostics.com/cd4/
http://www.daktaridx.com/products/
http://mbiodx.com/products/
http://www.retroconference.org/2012b/PDFs/686.pdf
http://www.zyomyx.com/
https://workspace.imperial.ac.uk/cd4/Public/Zyomyx CD4 Open Day.pdf
https://workspace.imperial.ac.uk/cd4/Public/Zyomyx CD4 Open Day.pdf
http://pimatest.com/en/pima-platform/pima-cd4.html
http://www.partec.com/
http://www.human.de/en/products/hematology/instruments-and-systems/cell-counter.php
http://www.human.de/en/products/hematology/instruments-and-systems/cell-counter.php

UNITAID RFA 2013

- HIV Monitoring Technologies and Early Infant diagnosis
- African Evaluation sites

- Rosanna Peeling
- London School of Hygiene and Tropical Health
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