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Evolution of Blood Screening AssaysEvolution of Blood Screening Assays
25 years since first commercial HIV screening test25 years since first commercial HIV screening test

Antibody screening
Generations 1, 2, 3 1985, 1991, 1996

Antigen screening ~ 1996

NAT screening ~ 2001

Ab/Ag (4th generation) 
screening 2002



Estimated window periods of HIV testsEstimated window periods of HIV testsEstimated window periods of HIV testsEstimated window periods of HIV tests



Key developmentsKey developmentsKey developmentsKey developments

TechnologyTechnologygygy
Uptake in diagnostic arena 
Alternative methods to PCR – SDA, TMA, LCR, 
NASBA, bDNA
Availability of Analyte Specific Reagents (ASR)
Contamination and inhibitor control
Trend to real time or kinetic formats
Automation – extraction, amplification and analysis
Modifed assays to address genetic diversity



? What is driving commercial NAT platform? What is driving commercial NAT platform? What is driving commercial NAT platform ? What is driving commercial NAT platform 
developmentdevelopment

Reduce sources of errorReduce sources of error

Reduce tedious processesReduce tedious processes

Improve time to resultImprove time to resultpp

Improved analytical rangeImproved analytical range

I li i f d iI li i f d iImprove limit of detectionImprove limit of detection

Improve specificity and sensitivityImprove specificity and sensitivity



Pre amplification Pre amplification -- extractionextractionpp

•Volumetric errors amplifiedp
•Tedious – manual, repetitive
•Specimen integrity





Post amplification & detectionPost amplification & detection
Endpoint detectionEndpoint detection

•Volumetric error
•Fragment size vs. probe hybridisationFragment size vs. probe hybridisation
•Time to result
•Automation calibration issues
Result calculations•Result calculations 



Signal amplificationSignal amplification -- bDNAbDNASignal amplification Signal amplification -- bDNAbDNA

Virus,

Comparison of Amplification Methods

TMA PCR bDNA

Target RNA or DNA

Add primers 
& enzymes

Add primers 
& enzymes

Copies
(RNA) Copies 

(DNA)

Add 
probes 
and 
branched 
DNA

Virus, 
bacterium 
or cell

HIV, HBV, HCV, CMV
Standard curve
Amplify signal of label – no amplicon issues

(RNA) (DNA)

1 detection 
probe per 
copy

1 detection 
probe per 
amplified 
copy

Multiple 
detection 
probes per 
target

Overnight
High throughput
Limited extraction



Strand displacement amplificationStrand displacement amplificationStrand displacement amplificationStrand displacement amplification

Exo-Bst DNA polymerase
5’-3’ polymerase activity
Lacks 5’-3’ exonuclease
Initiates DNA replication at single 
stranded nick

Simultaneous displacment of the 
nicked single strand (nick translation)

B BI t i ti d lBsoBI restriction endonuclease 
Recognition site in SDA primer 
containing α-thio-substituted 
nucleotides FRET detector probe containingFRET detector probe containing

BsoBI recognition sequence
and anchor sequence
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Ki ti / l ti d tKi ti / l ti d tKinetic / real time product Kinetic / real time product 
detectiondetectiondetectiondetection



Monitoring in Real timeMonitoring in Real time

Agarose Gel Blotting FRET



Real Time PCR with 5’ Nuclease AssayReal Time PCR with 5’ Nuclease Assay
Product detection during amplificationProduct detection during amplification
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Real time PCRReal time PCR



Isothermal Target AmplificationIsothermal Target Amplification
NASBANASBA

Quantitative formatQualitative format



HIV viral load testsHIV viral load tests
Manufacturer Principle Results Availability Analytical range

Roche RT-PCR (gag) copies/mL Widely <50 – 100,000(g g)
(COBAS HIV 
MONITOR v1.5)

p
(6 hours to result)

y ,
<400 – 750,000

Bayer HIV Branched DNA 
3.0 (bDNA) (pol)

copies./mL
(results 2x less than Roche)

NSW, Vic <50 – 800,000
( ) (p ) ( )

(36 hours to result)
Biomerieux HIV-1 QT NASBA 

(gag)
Copies/mL
(6 hours to result)

Discontinued <400 – 1,000,000
<80 – 500,000

R h R l ti (T ) C i / L R i t d <40 10 000 000Roche Real time (Taqman)
(gag) v1.5 (2.0)

Copies/mL
(4-6 hours to result)

Registered <40 – 10,000,000

Biomerieux EasyQ HIV-1 real 
time TMA (gag)

Copies/mL &  IU/mL
(4-5 hours to results)

Registered <40 – 10,000,000

Abbott Celera Realtime 
PCR m2000 (pol 
integrase)

copies/mL Registered <40 – 10,000,000

Artus Realtime PCR – Copies/mL Unregistered <40 – 10,000,000Artus Realtime PCR 
Rotorgene

Copies/mL Unregistered 40 10,000,000



Real time versus endReal time versus end--point detectionpoint detection
COBASCOBAS TaqmanTaqman vsvs COBASCOBAS AmplicorAmplicor HIV MONITORHIV MONITORCOBAS COBAS TaqmanTaqman vsvs COBAS COBAS AmplicorAmplicor HIV MONITORHIV MONITOR

Accuracy at lower  limit of detectionAccuracy at lower  limit of detection

Roche Product Bulletin Sept 2008



Real time versus endReal time versus end--point detectionpoint detection
COBAS COBAS TaqmanTaqman vsvs COBAS COBAS AmplicorAmplicor HIV MONITORHIV MONITOR

CAP/CTM HIV Batch J09191 Sample "S1" 
Expected vs. Measured Titers
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CAP/CTM HIV Batch J09191 Sample "S2" 
Expected vs. Measured Titers
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Geographic distribution of HIVGeographic distribution of HIV
Subtype B: represents ~10% of HIVSubtype B: represents ~10% of HIV--1 infections worldwide 1 infections worldwide 



HIV subtype distribution in USAHIV subtype distribution in USAHIV subtype distribution in USAHIV subtype distribution in USA



Roche Roche AmplicorAmplicor HIVHIV--1 PCR (v1.0)1 PCR (v1.0)
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COBAS Amplicor HIV-1 PCR (v1.5)
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Multiplex assaysMultiplex assaysMultiplex assaysMultiplex assays



Rawlinson W ViM 2009



Rawlinson W ViM 2009



Multiplex PCRMultiplex PCRMultiplex PCRMultiplex PCR

Birch CJ etal Sex Transm Infect 2003;79:298-300





Liquid handling robot automates Liquid handling robot automates EasyEasy--
PlexPlex assayassay



EasyEasy--plex robot deckplex robot deckEasyEasy--plex robot deckplex robot deck



AusDiagnosticsAusDiagnostics -- Respiratory pathogensRespiratory pathogensAusDiagnosticsAusDiagnostics Respiratory pathogensRespiratory pathogens

Respiratory pathogens 12 Atypical pneumoniaInfluenza 4 p y p g

Pan-influenza A
Pan-influenza B
“Swine flu”

M.pneumoniae
Pan-Chlamydia
Chlamydia pneumoniae

yp p
Pan-influenza A
Pan-influenza B
“Swine flu”

Respiratory 
Syncytial Virus
RV/EV
Parainfluenza 1

Chlamydia psittaci
hCV-229E
hCV-OC43
L i ll l b h

H1 haemagglutinin
H3 haemagglutinin

Influenza 6
SPIKE

Parainfluenza 1 
Parainfluenza 2
Parainfluenza 3
Adenovirus

Legionella longbeachae
Legionella pneumoniae
Pneumocystis pneumoniae
Haemophilus influenzae

H3 haemagglutinin
Pan-influenza A
Pan-influenza B
“Swine flu”

hMPV
B.pertussis
SPIKE

Haemophilus influenzae
Bordetella pertussis
SPIKE

SPIKE
Bordetella

IS481
pertactin
SPIKE



Sydney influenza 2009 (swine flu)Sydney influenza 2009 (swine flu)Sydney influenza 2009 (swine flu)Sydney influenza 2009 (swine flu)



Di filiDi filiDisease profilingDisease profiling



Disease profiling Disease profiling 

HPV Genotyping tests have proven to be a reliable method for 
the identification of HPV genotypes and multiple HPV 
infections. 

HPV t id tifi d b INNO LiPA HPV G t i E tHPV types identified by INNO-LiPA HPV Genotyping Extra: 

High risk: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, 82

Probable high risk: 26, 53, 66g , ,

Low risk: 6, 11, 40, 43, 44, 54, 70

Additional types: 69, 71, 74 

Fontaine V et al. J Clin Microbiol. 2007;45:928-34 
Safaeian M et al. J Clin Microbiol. 2007;45:1447-54



Disease profiling Disease profiling –– Linear array / Line Probe Hybridization Assay Linear array / Line Probe Hybridization Assay 
((LiPALiPA))((LiPALiPA))



IAS December 2009 Resistance Mutations Update Volume 17 Issue 5 December 2009



Breakthrough of resistanceBreakthrough of resistanceBreakthrough of resistanceBreakthrough of resistance



DNA sequencingDNA sequencingDNA sequencingDNA sequencing





Resistance
Analysis 

Details



Point of Care NATPoint of Care NATPoint of Care NATPoint of Care NAT
••Vaccine acquired immunity Vaccine acquired immunity vsvs true infectiontrue infection

••Acute infectionAcute infection
••Neonatal infectionNeonatal infection

••Access Access ccessccess











Cepheid GeneXpertCepheid GeneXpert®® SystemSystemCepheid GeneXpertCepheid GeneXpert SystemSystem



GX Cartridge FunctionsGeneXpert Cartridge
Large volume 
chambers

Small volume 
chambers

SyringeSyringe 
BarrelFilter capture/concentrator 

for bacteria

Waste 
chamber

PCR

Liquid HandlingSolid Support-Active Site

PCR 
Tube



THANKYOUTHANKYOUTHANKYOUTHANKYOU



BA,RIBA,RI N P
gp160

gp120

BA,RIBA,RI
HIV serology

N P

p68

p55/51

gp41

• HIV-1/2 Ab/Ag 4th gen EIA – reactive 
• HIV-1/2 3rd generation EIA - reactive
• HIV-1/2 rapid test (X2) – reactive

p40

p34

• HIV-1 western blot – POSITIVE 

HIV direct detection

p24

• HIV-1 p24 antigen – not detected
• HIV proviral DNA PCR – not detected
• HIV RNA (gag) – PCR – not detected

p18

α-huIgG



What next?What next?What next?What next?
Follow up sample and detailed history!Follow up sample and detailed history!
HIV serology testing strategiesHIV serology testing strategies

gp140

gp105

HIV serology testing strategies HIV serology testing strategies 
• Supplementary EIAs

CD4 lymphocyte count CD4 lymphocyte count 

p68

p56

gp36y p yy p y
• 480 (normal)

HIVHIV--2 serology 2 serology 
• Negative to specific gp 36 antigens

p34

• Negative to specific gp 36 antigens
HIV RNA HIV RNA ((polpol))
• Not detected by bDNA RNA test

p26

HIV culture HIV culture -- virus isolationvirus isolation
• CD8 depleted, IL2 enriched, PHA stimulated 

PBMC co-culture

p16

PBMC co culture



Malaria ??Malaria ??Malaria ??Malaria ??

Subtype O (outlier) HIVSubtype O (outlier) HIV--11yp ( )yp ( )

Unknown HIVUnknown HIV--1 strain1 strain

Profound biological falseProfound biological falseProfound biological false Profound biological false 
positive (BFP) HIVpositive (BFP) HIV--1 1 
serologyserology

Malaria, syphilis, hyper 
IgG, immune stimulation, 

I i HIV 1 iIssues in HIV-1 testing 
strategies in malaria 
endemic areas 



CercopithecusCercopithecus monamona –– Mona monkeyMona monkeyCercopithecusCercopithecus monamona Mona monkeyMona monkey



Case 2Case 2
Blood donor  Blood donor  -- ID4373565ID4373565

HIVHIV--1/2 1/2 AbAb/Ag 4/Ag 4thth gen Architect duplicate: 275/277 S/COgen Architect duplicate: 275/277 S/COgg g pg p
HIVHIV--1/2 31/2 3rdrd generation generation AbAb : Positive: Positive
HIVHIV--1 p24 Ag: Not detected1 p24 Ag: Not detected
WB: 18+24+34+gp41+53+55+66+gp120+gp160+ (pos)WB: 18+24+34+gp41+53+55+66+gp120+gp160+ (pos)
HIVHIV--1/HIV 2 differential cartridge test: HIV1/HIV 2 differential cartridge test: HIV--11

Novartis HIV RNA pooled (n=16) not detectedNovartis HIV RNA pooled (n=16) not detected
Novartis HIV RNA singleNovartis HIV RNA single S/CO 2 63 (low)S/CO 2 63 (low)Novartis HIV RNA single Novartis HIV RNA single -- S/CO 2.63 (low)S/CO 2.63 (low)
Roche HIV RNA Roche HIV RNA –– not detectednot detected



Case 3 - Patient HistoryCase 3 - Patient History

37 year old male y
Born in Ghana, Africa
Malarial infection as an infant
Blood transfusion in ~1974
Migrated to UK as an infant
Multiple partners in UK and Australia
Asymptomatic and good health at diagnosis



Results - First Line ScreeningResults First Line Screening

ASSAY SAMPLE ONE SAMPLE TWO

Abbott Architect HIV 
Ag/Ab Combo 

Screen

Reactive Reactive

Screen

Results - Second Line ConfirmationResults Second Line Confirmation
ASSAY SAMPLE ONE SAMPLE TWO
BioRad Genscreen Reactive ReactiveBioRad Genscreen 
HIV 1/2 Assay

Reactive Reactive

BioRad Genscreen 
HIV 1 Ag Assay

Non Reactive Non Reactive
HIV-1 Ag Assay



Results - Western BlotResults - Western Blot
gp160 +gp160

120
+

/ gp120
p68
p55

-
++
+/-

gp120
p68
p55

+/-
++
+/-

p53
gp41-45
p40

-
-
-

p53
gp41-45
p40

-
+/-
-

p34
p24
p18

+++
-
+/-

p34
p24
p18

+++
+/-
+/-



Results – Second Line ConfirmationResults Second Line Confirmation

ASSAY SAMPLE ONE SAMPLE TWO

Roche Amplicor HIV-1 
DNA Test v. 1.5

Borderline Positive N/A

Results – Supplementary
ASSAY SAMPLE ONE SAMPLE TWO

Results – Supplementary

BioRad Multispot 
HIV-1/HIV-2 Rapid 

Test

HIV Undifferentiated (initial)
HIV-2 (1/100)

HIV Undifferentiated (initial)
HIV -2 (1/100)

Test



Results - MonitoringResults - Monitoring
ASSAY SAMPLE ONE SAMPLE TWO

R h A li HIV 1 N/A 2900 / LRoche Amplicor HIV-1 
RNA Test v. 1.5

N/A 2900 cpy/mL

Drug Resistance 
Genotype

N/A Unable to determine
Genotype
CD4% N/A 3% (R.R. 30-57%)



Serological diagnosis of HIV infectionSerological diagnosis of HIV infectionSerological diagnosis of HIV infectionSerological diagnosis of HIV infection



gp160
gp120
gp160
gp120
gp160
gp120

p68
p55
p53

gp41-45

p68
p55
p53

gp41-45

p68
p55
p53

gp41-45

p40

p34

p24

p40

p34

p24

p40

p34

p24

p18

p12

p18

p12

p18

p12

DNA PCR
RNA PCR

acute established late

RNA PCR
p24 Ag EIA

3rd/4th gen ELISA
1st gen ELISA
Incidence EIA

1wk       2wk       3wk        2mo      6mo     1yr   2yr     3yr    +8yr



HIV infection reasonably
excluded in non-breast fed infant 

if negative in 2 or more

48h

14d
1-2mo 3-6mo

if negative in 2 or more
≥1month and ≥4months≥1month and ≥4months

6-12mo

>2 negative HIV Ab 
tests (<1month apart)
Loss Ab/ neg DNA =

un-infected
>15-18mo

48h
Infant still Ab+ at

12mo – retest 15-18mo

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Months post partum
Positive 48h

(likely intrauterine
Infection - early)

HIV RNA/CD4 HIV Ab+ >18mo 
=

Months post partum

Positive 14d
(likely intrapartum

Infection - late)

? consider

HIV infection

cease ZDV px
aggressive ARV




