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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 
introduced in 1985

1987 HIV Testing was described in the 1st 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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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 testingSero-conversion illness was identified here by Bret Tindal and colleagues from the Kirby InstituteThe NRL was established to oversee the quality of HIV testingWe developed Counselling guidelines to help those providing HIV testing and diagnosisThe 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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Antibody tests may be negative or 
low level (indeterminate)

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

Serology of primary HIV-1 infection 
(Western Blot)

Courtesy Philip Cunningham, St Vincents Hospital Sydney
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NEGATIVE: No reactivity to any viral specific bands

POSITIVE: Reactivity to at least one (1) envelope 
glycoprotein (gp41-45, gp120 or 
gp160), and at least three (3) viral 
specific bands of the HIV-1 gag or pol
gene product series

Western blot criteria



1 Indeterminate group 1 – likely biological false positive p55
2 Positive – advanced HIV infection, late stage (seroreversion) gp160, gp120, p68, p55, p51, 

gp41
3 Positive ‐ established HIV infection gp160, gp120, p68, p55, p51, 

gp41, p40, p34, p24, p18
4 Positive – recent HIV infection – seroconversion from group 4 

indeterminate to positive profile
gp160, gp120, p68, p55, p51, 
p24

5 Indeterminate group 4 – advanced HIV infection, late stage 
(seroreversion)

gp160, gp120, p68, gp41

6 Positive – recent seroconversion in acute HIV infection gp160, p55, p24, p18
7 Indeterminate group 4 – acute HIV infection gp160, p55, p24
8 Indeterminate group 4 – acute HIV infection gp160, p55, p24
9 Indeterminate group 3 – either acute infection or non specific 

reactivity, require supplemental test results or HIV DNA nucleic 
acid

p24

10 Indeterminate group 2 – probable non‐specific reactivity p18
11 Indeterminate group 3 ‐ either acute infection or non specific 

reactivity, require supplemental test results or HIV DNA nucleic 
acid

p24

12 Indeterminate group 2 – probable non‐specific reactivity p18
13 Positive – advanced HIV infection , late stage(seroreversion) gp160, gp120, p68, p55, p51, 

gp41, p24
14 Positive – advanced HIV infection , late stage (seroreversion) gp160, gp120, p68, p55, p51, 

gp41, p18
15 Positive – advanced HIV infection, late stage (seroreversion) gp160, p68, p51, gp41, p34
16 Negative  (negative control) no viral bands
17 Positive – established  HIV infection (positive control) gp160, gp120, p68, p55, p51, 

gp41, p40, p34, p24, p18
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Primary HIV Infection: Why are we so 
interested?
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ARVS Suspected

3rd generation antibody or 4th

generation Ab/Ag combo EIA (1)

Reference Laboratory
Repeat EIA (2)
Western Blot

HIV p24 antigen
HIV proviral DNA

EIA – reactive
HIV p24 antigen – detected or not 

detected
WB - positive

HIV infection (4)
(Established or recent) 

EIA  - (reactive or non-reactive)
HIV p24 antigen – detected

WB – non-reactive or indeterminate 
(grade 3 or 4)

HIV proviral DNA - detected

Probable Acute HIV 

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)

Seroconversion by WB usually 
occurs within 1-2 weeks

HIV p24 antigen – not detected
EIA  - non-reactive

WB – negative

Pre-test probability 
(Risk assessment)

High risk

Repeat  tests in 2-4 weeks

Repeat at 8-10 weeks if 
negative

Low risk

Non-HIV

1. Assay used depends on local availability

2. Usually different EIA used for repeat testing –
improves positive predictive value

3. 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

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



HIV Testing Policy

The first testing policy 
was introduced in 1998 
it was written by a 
committee and 
endorsed by the 
Commonwealth

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



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
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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 costIn 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 accessINTERESTINGLY – 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 todayUntil the current HIV Testing Policy  use of these tests in Australia has not been supported. 
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Sequence of Test Positivity Relative to 
WB

166 specimens, 17 Seroconverters - 50 % Positive Cumulative Frequency

Modified from Masciotra et al, J Clin Virol 2011

Days before WB positive

W
B

 p
os

iti
ve

A
PT

IM
A 

(-
26

)

G
S 

1/
2+

O
  (

-1
2)

M
ul

ti-
Sp

ot
  (

-7
)

R
ev

ea
l G

3,
   

   
   

  (
-6

)

Vi
ro

no
st

ka
(+

2)

O
ra

Q
ui

ck
(-

1)
U

ni
go

ld
 (-

2)

25 20 10 5 015

A
rc

hi
te

ct
 A

g/
A

b
C

om
bo

  (
-

20
)

C
O

M
PL

ET
E 

H
IV

-1
/2

  (
-5

)
H

IV
-1

/2
 S

TA
T-

PA
K

  (
-5

)

A
dv

ia
(-

14
)

Vi
tr

os
  (

-1
3)

IN
ST

I  
(-

9)

B
io

-R
ad

  A
g/

A
b

C
om

bo
  (

-
19

)

and Owen et al, J Clin Micro 2008

Av
io

q

D
et

er
m

in
e 

A
g/

A
b

C
om

bo
  (

-
15

)



Demand for & on point of care 
tests

Increase testing rates

Increase engagement with care

Increase # people on treatment

Will failure to identify acute 
infection cause a problem

Presenter
Presentation Notes
Yes = very almost certainlyIn 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-upYES by Increasing the number of people who know their HIV status which is an essential precursor to them being able to access treatmentMAYBE but we have lots of things in place to minimise this in the clinical or Point of care service settingThis 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
Insensitive
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 4th 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 ??
Dedicated samples required
Laboratory facilities



NAT tests for HIV
DNA RNA RNA

Qualitative Quantitative (viral load) Qualitative

<10 copies <50 copies <10 copies 

Highly specific Specificity issues at low 
range

Highly specific

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
cellular DNA

Extracellular RNA (free 
virion)

Extracellular RNA (free 
virion)

Whole blood
Dried Blood Spot (DBS)

Plasma
DBS

Plasma
Cadaveric blood



Pre amplification - extraction

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



Post amplification & detection
Endpoint detection

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

http://images.google.com.au/imgres?imgurl=http://www.letstalkscience.uwo.ca/activities/Images/gel5.gif&imgrefurl=http://www.letstalkscience.uwo.ca/activities/html/DNA1.html&h=275&w=274&sz=19&tbnid=w-IDH7lRpGIJ:&tbnh=108&tbnw=108&start=7&prev=/images?q=DNA+gel&hl=en&lr=


Monitoring in Real time

Agarose Gel Blotting FRET

Presenter
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Real time PCR





UNITAID is hosted and administered by the World Health Organization
© 2011 World Health Organization
(Acting as the host organization for the Secretariat of UNITAID)



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

worldwide 



Courtesy: Dr John Hackett 
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HIV subtype distribution in USA



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

Accuracy at lower  limit of detection

Roche Product Bulletin Sept 2008



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

Accuracy at lower  limit of detection

Roche Product Bulletin Sept 2008

Source: Roche Molecular 



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 (AII)

Persistent maternal antibody give false positive antibody results 

Virologic testing of HIV-exposed infant (AII)

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 (BIII)

HIV antibody test 
12-18 months to document seroreversion in HIV-uninfected infants 
(BIII)

Diagnostic test for children ≥18 months (AII)

Presenter
Presentation Notes
See Guidelines pgs. 11-14



Criteria for HIV Diagnosis

2 positive HIV virologic tests on separate 
blood samples (regardless of age) (AIl)

Positive HIV antibody test with 
confirmatory Western blot (or IFA) at age 
≥18 months (AII)

Presenter
Presentation Notes
See Guidelines pgs. 11-14





Development of  a DBS 
collection SOP



DBS for HIV viral load?
Non-Plasma Sample Types
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