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This presentation

@ Refresher on conventional diagnostic
testing for HIV

@ New developments with ‘Point of Care’
rapid tests

@ Molecular testing for HIV diagnosis and
management

@ Some applications



History of HIV testing In

Australia

@HIV testing introduced 1985 in Australia and first to have
safe blood supply, with blood bank screening also
iIntroduced in 1985

®1987 HIV Testing was described in the 1t National
HIV/AIDS Strategy

®Free, confidential testing backbone of HIV prevention

@Seroconversion illness characterised in Australia &
targeted lab testing became the norm

@There is emerging concern that HIV testing rates may be
dropping
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Presentation Notes
I would like to take a couple of minutes to review Australias position in relation to HIV testing.

We were very early adopters of HIV testing

Sero-conversion illness was identified here by Bret Tindal and colleagues from the Kirby Institute

The NRL was established to oversee the quality of HIV testing

We developed Counselling guidelines to help those providing HIV testing and diagnosis

The Grim Reaper campaign was launched in the late 1980s and the commonwealth sponsored a number of community wide prevention Cmpaigns aimed at promoting awareness and encouraging people to test
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Table 1. HIV testing assays and their “window periods.”

HIV test

Assay method

"Window period”
estimates, weeks®

"Window period”
reduction, daysb

First-generation EIA

Second-generation EIA

Third-generation EIA

Fourth-generation EIA

Pooled HIV NAT

Individual HIV NAT

Viral particles used to bind patient HIV Ab, detected by marker
conjugated to anti-human Ab

Same as first-generation EIA except uses purified HIV Ag or re-
combinant virus

"Antigen sandwich”: synthetic peptide used to bind patient HIV
Ab followed by marker conjugated to additional HIV Ag; able
to detect Ighl

Uses third-generation EIA methodology plus monoclonal Ab to
p24 Ag to detect patient p24 Ag

First combines multiple individual samples into one common
pool, then uses PCR or other amplification techniques to de-
tect patient viral nucleic acids

As above, except that samples are tested individually rather than
diluted by pooling

~6

<1-2

10

NOTE. Data are from [5, 6, 16, 19]. Ab, antibody; Ag, Antigen; HIV NAT, HIV nucleic acid testing.

=

Window periods” listed are averages. For example, although second generation ElAs will detect HIV infection in nearly all individuals within 6 weeks of

HIV acguisition, in a study of occupationally exposed health care workers, 5% of subjects did not have seroconversion until at least 6 menths following the

exposure [20].

b Compared with an immediate less sensitive assay, the “window period” for pooled HIV NAT is, on average, 3 days shorter than the “window period” for

a fourth-generation EIA.

460 = CID 2007:44 (1 February) « HIV/AIDS

Stekler J CID 2007 &
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High Risk Referral

Site

Pool samples
Qualitative HIV RNA

HIV Testing strategy

[ |
1
HIV RNA HIV RNA
Detected Not detected

—

Retest individual
pool members in
single

Identify infected
sample — initiate
follow-up

(Ab/AQ) (x2)
I
HIV-1/2 Ab EIA
Negative (x2)
HIV-1 western blot
(Ab)

|
HIV-1/2 Ab/Ag combi
Reactive
|
|

Non-reactive Repeat-reactive Ab/Ag

(x2)

\
Incidence
ELISA
Incident Established
Infection Infection

1

Seronegative or
Indeterminate

Supplemental tests
HIV-1 p24 antigen,
DNA PCR, HIV-2

—
Indeterminate

Courtesy Philip Cunningham, St Vincents Hospital Sydney



Serology of primary HIV-1 infection

(Western Blot)

@ Antibody tests may be negative or

low level (indeterminate) ::lac:I;I:straApSD

@ Antibodies to viral proteins are
incrementally detected — increasing
in intensity over time (diagnostic)

HIV-1 viral proteins (kd)

— gpta0 jenv precursor)
— opi20 jauter am or “suraes” glysapretsng

—— P65 (reverse ranscriptase)
— P55 {core precursarl/p31 (RT)

—— gpd1 (lransmermbrane glycoprotein)
— palcorn)

. — pi1 (endonucieass)

W — p2d (eors shal or "capaid”)

//////// i
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Weeks post onset of illness

Courtesy Philip Cunningham, St Vincents Hospital Sydney
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Incidence ELISA ! -
1wk 2wk 3wk Wk 2mo 6mo  1yr 2yr 3yr C—38yr

Courtesy Philip Cunningham, St Vincents Hospital Sydney
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Western blot criteria

NEGATIVE: No reactivity to any viral specific bands

POSITIVE: Reactivity to at least one (1) envelope
glycoprotein (gp41-45, gp120 or
gpl60), and at least three (3) viral
specific bands of the H/V-1 gag or po/
gene proauct series




1
1121814567 (8|9 |0

1
1

1 (1 T (1
2134567

o

gp160
gp120

p68

" p55

p51
gp41

p40

p34

p24
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Western blot reactivity interpretation

1 | Indeterminate group 1 — likely biological false positive p55
2 | Positive — advanced HIV infection, late stage (seroreversion) gp160, gpl20, p68, p55, p51,
gp4l
3 Positive - established HIV infection gp160, gpl20, p68, p55, p51,
gp4l, p40, p34, p24, p18
4 | Positive — recent HIV infection — seroconversion from group 4 gp160, gp120, p68, p55, p51,
indeterminate to positive profile p24
5 | Indeterminate group 4 — advanced HIV infection, late stage gpl60, gp120, p68, gpdl
(seroreversion)
6 | Positive — recent seroconversion in acute HIV infection gp160, p55, p24, p18
7 | Indeterminate group 4 — acute HIV infection gpl60, p55, p24
8 | Indeterminate group 4 — acute HIV infection gp160, p55, p24
9 | Indeterminate group 3 — either acute infection or non specific p24
reactivity, require supplemental test results or HIV DNA nucleic
acid
10 | Indeterminate group 2 — probable non-specific reactivity pl8
11 | Indeterminate group 3 - either acute infection or non specific p24
reactivity, require supplemental test results or HIV DNA nucleic
acid
12 | Indeterminate group 2 — probable non-specific reactivity pl8
13 | Positive — advanced HIV infection, late stage(seroreversion) gp160, gpl120, p68, p55, p51,
gp4l, p24
14 | Positive — advanced HIV infection, late stage (seroreversion) gp160, gpl120, p68, p55, p51,
gp4l, pl8
15 | Positive — advanced HIV infection, late stage (seroreversion) gpl60, p68, p51, gp4dl, p34
16 | Negative (negative control) no viral bands
17 | Positive — established HIV infection (positive control) gp160, gp120, p68, p55, p51,

gp4al, p40, p34, p24, p18

! @“ St Vincent’s Hospital




Primary HIV Infection: Why are we so

57 Fo.
y Risk of transmission
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Figure 1 | The changing viral load during the different stages of disease and the effects
of viral load on the probability of sexual transmission of HIV.

Galvin S, Cohen M Nat Rev Micro 2004
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ARVS Suspected

31 generation antibody or 4t
generation Ab/Ag combo EIA (1)

Reference Laboratory
Repeat EIA (2)
Western Blot
HIV p24 antigen
HIV proviral DNA

Assay used depends on local availability

Usually different EIA used for repeat testing —
improves positive predictive value

HIV RNA may be used as supplementary test
however low level false positive results do occur —
not registered nor intended for use as diagnostic
test

Incidence ELISA — used for epidemiological
purposes to monitor population incidence rates—
not widely available and not available for clinical
management purposes

HIV p24 antigen — not detected
EIA - non-reactive
WB - negative

-

Pre-test probability

EIA - (reactive or non-reactive)
HIV p24 antigen - detected
WB - non-reactive or indeterminate
(grade 3 or 4)

HIV proviral DNA - detected

EIA - reactive
HIV p24 antigen — detected or not
detected
WB - positive

Probable Acute HIV

(Risk assessment)
[
| |
Low risk High risk
Non-HIV Repeat tests in 2-4 weeks

Repeat tests within 1 week
HIV DNA PCR
HIV-1 p24 antigen (quantitative)
HIV RNA (viral load likely <5000
cpy/mL) (3)
WB (evolving seroconversion)

Repeat at 8-10 weeks if
negative

Seroconversion by WB usually
occurs within 1-2 weeks

HIV infection (4)
(Established or recent)

# StVincent's Hospital



HIV Testing Policy

@The first testing policy
was introduced in 1998

It was written by a HIV
Testing

Policy

committee and
endorsed by the
Commonwealth

@Subsequently updated
In 2006, but only issued
as a PDF document and
available via websites

iy
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Point of Care Testing

@Short incubation tests

@Test which can be taken to the person
being tested, rather than the sample

having to be transported to another
location

@Can be done using:

@ Capillary blood dropped onto a sample well
which is soaked with a reagent or into a
chamber to which reagent is added

@ Oral fluid swabbed from the gum line

+
k-
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Presentation Notes
So what is point of care testing – essentially it is testing which is taken to the patient rather than testing where the sample is taken to the laboratory. It is important to dwell on this a little, because what is being lobbied for is the capacity to get test results more quickly, in an attempt to make sure that people test more regularly, actually get their test results and engage with care if they are HIV infected.

Results from local population surveys with gay men and overseas studies indicate that gay men would prefer to test using a point of care test or home test. In some studies this is mediated by cost

In many overseas countries point of care testing is the main or dominant testing form. This is particularly the case in many developing countries which do not have good laboratory access

INTERESTINGLY – using laboratory based tests means that in Australia when a person get a test result it is a diagnosis. Point of care tests will introduce another step for patients and the test operators. That is the reactive sample which still needs to be confirmed. Until point of care tests the confirmation happened in the laboratory without the patient knowing.

But I am going to focus on Point of care tests or rapid tests today

Until the current HIV Testing Policy  use of these tests in Australia has not been supported.





 


Determine” HIV-1/2

Whole Blood Procedure
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Advance Awareness™
Rapid

=0raQuick::
ADVANCE®
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Demand for & on point of care

tests
@Increase testing rates g
®Increase engagement with care 7
@®Increase # people on treatment 8
@Will failure to identify acute @

infection cause a problem


Presenter
Presentation Notes
Yes = very almost certainly

In the USA it is estimated that  approximately 20% of people who have a positive HIV test  don’t return for their result. This is vastly different in Australia.  Our positivity rates are much lower and the concentration of testing in clinical sites mean that positive results are very actively followed  up. Sexual health clinics, public health units and ASHM all provide assistance to GP and other services.

MAYBE - immediately following diagnosis, this is not a problem in Australia, in the longer-term may or may not have impact, may act as a stimulus for people lost to follow-up

YES by Increasing the number of people who know their HIV status which is an essential precursor to them being able to access treatment

MAYBE but we have lots of things in place to minimise this in the clinical or Point of care service setting
This difficulty is reflected in the HIV testing policy and that the problems associated with a point of care test are such that the short comings of a test, ie that it will not pick up very recent HIV infection can be overcome by really good interaction with the person being tested at the time they are tested. This is included in the training and there can be lots of community education to get this information across to the populations being tested.

That testing is done outside of the clinical setting, may be what drives up the loss to followup





HIV Testing
Direct Detection of Virus

@ Virus isolation — PBMC co-culture
= |nsensitive
= Requires containment laboratory (PC3)
= ~ 3-6 weeks culture
= Detect with p24 antigen or RT activity in culture supernate

@ HIV-1 p24 antigen
= Simple serology — serum - no additional sample required
= Sensitivity about 30 copies HIV RNA (10pg)
= Now incorporated in 41" generation screening tests
= Limited use during acute and ? Advanced or late infection

@ Nucleic acid detection - (NAT)
= Qualitative tests more sensitive and specific — blood/tissue screening

= Most products available are quantitive viral load tests — intended use is
NOT diagnostic

= Circulating cell free RNA or integrated cellular DNA ?7?

= Dedicated samples required . |
= Laboratory facilities @S‘V'”Cemsmp'm'



NAT tests for H1V

DNA

RNA

RNA

Qualitative Quantitative (viral load) Qualitative
<10 copies <50 copies <10 copies
Highly specific Specificity issues at low Highly specific

range

HIV supplemental
diagnostic test

HIV monitoring test

Blood and tissue donor
screening

*Resolve indeterminate
serology
*Acute infection diagnosis
(pre-seroconversion)
Early infant diagnosis

*Treatment response
*Prognostic marker
«Clinical decision point

Detection of HIV in pooled or
single blood/tissue donors

Integrated and unintegrated

Extracellular RNA (free

Extracellular RNA (free

cellular DNA virion) virion)
Whole blood Plasma Plasma
Dried Blood Spot (DBS) DBS Cadaveric blood

il




Pre amplification - extraction

e\/olumetric errors amplified
eTedious — manual, repetitive
eSpecimen integrity

@ St Vincent's Hospital



Post amplification & detection
Endpoint detection

e\/olumetric error
eFragment size vs. probe hybridisation
eTime to result

eAutomation calibration issues

eResult calculations

. St Vincent's Hospital
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Real tim PCR

+
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Diagnostics

the New 2000 .

RealTime PCR System L Abbott

A Promise for Life

,é':,«: St Vincent’s Hospital



Point-of-Care Viral Load and EID Technologies in the Pipeline*

Micronics

WAVE 80
EOSCAPE

SAMBA VL SAMBA EID ALL

Alere NWGHF EID GeneXpert

NWGHF VL Biohelix

L $ &
2012 2013 2014 2015

UNITAID is hosted and administered by the World Health Organization

* . e . © 2011 World Health Organization
Estimated; timeline and SEQUENCE may change. (Acting as the host organization for the Secretariat of UNITAID)



Geographic distribution of HIV
Subtype B: represents ~10%o of HIV-1 infections
worldwide

B, G, CRF03_AB

B, C, 01_AE, 4%
07_BC, 08_BC

CRFO1_AE
CRF02_AG,

@ St Vincent's Hospital



25 YEARS TR

Increasing Spread of HIV Diversity T T

» Tourism

* Immigration
* Expatriate labor
+ Military deployment
« Sex workers

Continual redistribution of HIV variants

Put sclence on your side. Date: 12.01-09 ¢ ompany Confidertial 27 Abbott

@ 200X Ahbott A Promies for Lits
Courtesy: Dr John Hackett



Qualitative vs quantitative assays
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*n =12,650; 43 states

HI1V subtype distribution in USA

Pyne et a/ 16" CROI (2009); 292

* 392 non-B strains (3.1%; 32 states) DRI Sept U
» 5 subtypes; 13 CRFs; 24 URFs
A1,CF1,G
Al1,C A1,A3,C CRF02, CRF06
CRF02 CRFO1,CRF0O2 CRF12,CRF15
eG CRFO5 CRF12 CRF19, URF_BF1
CRFO1,CRF02 CRFO06 URF_A3G URF_BG

URF_0206

URF_BC A1, A3
URF_AID

C CRFO6 A1,A3,C,D,F1,G
CRFO1, CRF02
CRF06, CRF10
CRF16,CRF22

URF_A1C, URF_UC

URF_A1C
Al,C
URF_A1C

A1,C CRF09
CRF02  URF_AIC

Al1,C
A1,C,G,CRF02, URF_02A3, URF_BG

C CRFO1
CRF02  CRF02

A1,C,D,G,U
A1,C & Number of Samples
URF_A1D
CRF02 Non-B  Total
[  None  None
I None 252
19 2-78

1-16 108-284

B 292 315-2570
URFA02A3

URF_BG

Geographic distribution of non-B subtypes. Samples were received from 43 states, 32 of which included non-B subtype samples. The non-B subtypes are
listed for each state. The colors indicate the total number of samples received and the number of non-B samples received from each state.

+
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COBAS® AmpliPrep/COBAS® TagMan®

HIV-1 Test Mean log,, Result

Real time versus end-point detection
COBAS Tagman vs COBAS Amplicor HIV MONITOR
Accuracy at lower limit of detection

Log (HIV-1 RNA copies/mL)

COBAS® AMPLICOR® HIV-1 MONITOR Test, v1.5 Result

Figure 7
Linear range of the COBAS® AmpliPrep/COBAS® TagMan® HIV-1 Test
9
8 Ty =1.0086x - 0.0555
7 R®=0.99
6
5
4
3 -
2 -
1
]
0 I I I I I I I
0 1 2 3 4 5 6 7 8

Log4, Nominal HIV-1 RNA Input Concentration (cp/mL)

70

6.0 o

50 o

4.0 o

30 o

2.0 o

0.0 o

Figure 3
Linearity of the COBAS™ AMPLICOR™ HIV-1 MONITOR Test, version 1.5,
UltraSensitive Specimen Preparation Procedure

) T J-—-Tr - - -
| | | | | |
y =-0.38 + 1.075x . '
|
L] L] L] L] n L]
0.0 1.0 2.0 3.0 40 5.0 6.0 7.0

Nominal Concentration
Log (HIV-1 RNA copies/mL)

ehe Product Bulletin Sept 2008



Real time versus end-point detection
COBAS Tagman vs COBAS Amplicor HIV MONITOR

Weasured Titerien/mlL1l

CAPICTMHIV Batch J09191 Sample "$1"
Expected vs. Measured Titers

y=Deeeh+08979 _~

| RE=061

v

S // .............................

Weasured Titer fepim L)

CAHIMBatch J10612 Sample "S1"
Expected vs. Measured Titers

y=0 408011911

IR =027

13
15
1
05
1135 2 25 3 35 4 4 005 1 15 2 25 3 1 4 i
Expected Titer [cpimL) Expected T iter (cpimL)
CAPICTMHIV Batch J09191 Sample "§2" CAHIMBatch J10612 Sample "$2"
Expected vs. Measured Titers Expected vs. Measured Titers
45 . 5 -
' 43
i y=0.8934x +0.5776 3 .
. ‘R%=0.8199 . ¥=07319%+ 053
v RE=04072
L
. +

_ Measured Titerfeniml1

4 —

1 13 2 23 3
Expected Titer [cp/mL)

Measured Thi?er rcpITIL]

Expecied Titer (cpiml)

Accuracy at lower limit of detection

Source: Roche Molecular

I St Vincent’s Hospital
ehe Product Bulletin Sept 2008



Early infant diagnosis — Qualitative HIV
DNA testing



Diagnostic Testing in Infants

@ In infants <18 mos, use virologic assays that directly detect
HIV: HIV DNA PCR or HIV RNA 4

@ Persistent maternal antibody give false positive antibody results

@ Virologic testing of HIV-exposed infant
@ 14-21 days of age
@ 1-2 months
@ 4-6 months

@ Virologic testing at birth should be considered for infants at
high risk of infection g,

@ HIV antibody test

@ 12-18 months to document seroreversion in HIV-uninfected infants
(BIlN)

@ Diagnostic test for children 218 months

s
w St Vincent’s Hospital


Presenter
Presentation Notes
See Guidelines pgs. 11-14



Criteria for H1V Diagnosis

@ 2 positive

IV virologic tests on separate

blood samples (regardless of age) (All)

@ Positive HIV antibody test with
confirmatory Western blot (or IFA) at age
218 months ),


Presenter
Presentation Notes
See Guidelines pgs. 11-14






Development of a DBS

collection SOP

Collection of Dried Blood Spot (DBS )

Early infant HIV diagnosis, HIV serology HIV drug resistance testing and HIV viral load

Ensure all supplies
are available :
Whatman #903
pratein saver cards,
alcohol wipes,
instructions, sterile
lancets, band-aids,
cotton balls

Wash hands
with soap and

gloves for :
each new ’{,-
patient. B

i

Blood should
saturate each
circle.

Collect four
circles per
patient.

Follow universal
safety
precautions

For early infant diagnosis a heel prick sample is
collected as shown. Encourage blood flow by
warming the site with soft cloth moistened
with warm water up to 41°C. or by rubbing for
3-5 minutes .

a Venous whole
blood collected

into EDTA tubes
may be used to
prepare DBS

samples within 24
hours from
collection @ 4°C.

Have card ready
and labeled with

DOB) PLUS date of
collection. DO NOT
TOUCH the
collection circles

water and \J 2x patient
wear clean ! \Y b\ identifiers (name +

Disinfect the site with

alcohol wipe dry with

cotton, puncture site,

allow drop of blocd to

form. Touch drop onto

card avoid layering.
Completely fill 4

circles

7 For venous blood
Clearly label card
with identification
number

Pipette volume
required to

uniformly saturate
entire circle

(usually 50-75 pl)

Collection of Dried Blood Spot (DBS )

st vincen:
Early infant HIV diagnosis, HIV serology HIV drug resistance testing and HIV viral load U :

Dry DBS at Room temperature
Fully air dry (24 hours, or
overnight)Use a drying rack if
possible

Do not touch or smear spots

Do not dry in direct sunlight

Do not heat, stack, or allow DBS
to touch each other or other
surfaces while drying

Suitable DBS should be saturated through card 10

Examples of @

poorly

L. Specimen quansiy &

it for resting

collected
vs.eze (D OOOD@
SaMPles are i wo ey betore miing
Unsuitable
for testing
[r—rp—r—
Package dried DBS in zip-locked plastic bag, add desicant and 12

humidity indicators. Seal plastic bad and label outside of bag

with permanent marker

Keep packaged DBS (in sealable
plastic bags) cool and dry until
transported to reference
laboratory within 2 weeks.

Do not leave in vehicle, as sun
and heat will deteriorate DBS.

1. Insert bundled DBS into

documentation.

El Insert both into
envelope and seal for
shipment.

rip-resistant envelope. g
2. Include appropriate /’

ana sien

ssse

0 Sendsamplesto 14
laboratory.

‘ Note poorly collected
samples will affect the
quality of the results.

\ DBS must be clearly
4 labeled, saturate 4

/ circles and completely

dried and remain dry.
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ENHP
OBMK
DURN
OCSF
mDBS
B EICXS
ENHP2
OSEM2
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