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* |n contrast to the past, HIV testing has now
gained immense therapeutic relevance: starting
HAART on time may improve the quality of life
and indeed prolong life considerably.

 Awareness of one’s HIV infection is the
prerequisite for making best use of the latest
available therapeutic options.

e |tis therefore recommended to undergo
counseling and HIV testing after a potential
exposure.



When to test

The chance of having acquired HIV infection is
increased if "Yes" can be answered to one of the
following questions:

| Have you had sexually transmissible infections such as
Chlamydia or gonorrhea lately?

| Have you had sexual intercourse without a condom
with someone who is HIV infected?

| Have you used the same syringes as other intravenous
drug addicts (needle sharing)?

| Did you receive a blood transfusion or blood clotting
factors between 1978 (1356) and 1985 (1363)

| Have you ever had sex with someone who would
answer one of the above questions with "Yes"?



Hiv diagnosis

* Indirect diagnosis based on detection of
antibodies

e Direct diagnosis: cell culture (this is only
possible in [aboratories of at least biological
safety level 3),viral antigens (p24 antigen
ELISA) or of viral nucleic acid



Indirect diagnosis

e Most screening tests are based on the ELISA principle
(enzyme linked immuno sorbent assay) or other,
closely related test formats. Screening tests must be
extremely sensitive to minimize the chance of yielding
a false negative result. This means that they have to be
able to also detect low-avidity antibodies found e.g.
early in the course of a primary infection. They also
have to be able to detect antibodies directed against all
different HIV types (HIV-1, HIV-2) and subtypes (HIV-1-
N, HIV-1-O, HIV-1-M)

e |f the result of such a screening test is positive, this has
to be confirmed by at least one confirmatory assay.



ELISA screening test

e Different ELISA "formats" can be
distinguished; they are all based on the
principle of a specific antigen-antibody
reaction.

e Direct
e Indirect






MEIA

e Another commonly used method is the MEIA
(microparticle enzyme immunoassay). It is
based on the same principle as an ELISA;
however, the solid phase is in the form of
microparticles in liquid suspension. Detection
is by means of trapping the particles on a

membrane and detecting enzyme activity, as
with the ELISA.



competitive assays

 Enzyme-labeled HIV antibodies are added to the solid
phase together with the patient’s sample. These
antibodies then compete for antigen binding sites with
the patient’s antibodies. If the patient lacks HIV
antibodies, all or most of the enzyme-labeled antibody
molecules will bind, causing an intense color reaction
after addition of the substrate. And vice versa: the
more specific the antibodies that are present in the
patient’s sample, the weaker the color reaction. The
intensity of the color reaction is therefore inversely
proportional to the antibody activity in the sample.



Western blot confirmatory assay

e The Western blot is a methodology commonly
used for confirmatory testing of screening
test-reactive samples. HIV is propagated in cell
cultures, harvested, purified and denatured
(i.e. split into its constituents). Then, the viral
proteins are separated according to their
molecular weight by electrophoresis and
blotted onto a nitrocellulose membrane. The
membrane is cut into strips.



Western blot

 To perform the test, the membrane is
incubated with patient serum. If the serum
contains antibodies against the various viral
proteins, these will bind to the areas on the
strip onto which the respective antigens have
been blotted. If an antigen-antibody reaction
takes place, it is revealed using an enzyme-
labeled secondary antibody and matching
substrate, causing the so-called "bands" to
appear on the test strip.



Western blot

 HIV proteins and corresponding bands on the
Western blot are designated "p" (for protein) or
"gp" (for glycoprotein), followed by the relative
molecular mass in kiloDaltons. They can be
divided (here using the example of HIV-1 Western
blot) into three groups: the env or envelope
glycoproteins (gp41, gp120, gp160), the gag or
nuclear proteins (p18, p24, p55) and the pol or
endonuclease-polymerase proteins (p34, p40,
p52, p68).




Western blot

 The result of a Western blot may be either
positive or negative or (in case of an
incomplete pattern of visible bands) equivocal

which may reflect borderline or non-specific
reactivity.



Western blot

e Different organizations have developed different
sets of criteria for interpretation of HIV Western
blot results. In order for a Western blot result to
be declared positive, the American Red Cross for
instance demands at least three bands, one from
each group (i.e. one gag, one pol and one env
band). The US-American Food and Drug
Administration (CDC) demands the p24, the p34
as well as the gp41 or gp120/160 bands (Centers
for Disease Control and Prevention).




Western blot

e According to WHO recommendations,
however, a Western blot may be judged
positive only if two env bands are found. In
Germany, a serum sample is HIV positive if it
reacts with at least one viral glycoprotein and
one of the other HIV proteins.



Rapid / simple test devices

e These tests are based on one of four
immunodiagnostic principles: particle
agglutination, immunodot (dipstick),
immunofiltration or immune chromatography

 whole blood or capillary blood (obtained from
the tip of a finger or the lobe of the ear)



Rapid / simple test devices

 Many of these rapid tests contain a internal
control, as a control band indicating whether
the sample material and, if applicable, the
reagents were added correctly. If this control
fails, the test result must not be accepted
(important to avoid false-negative results,
when e.g. the sample was not added or
insufficient time allowed until reading the
result).



Test performance

 HIV antibody tests are among the best
commercially available immunological assays.
Sensitivity (high sensitivity - few false-
negative results) and specificity (high
specificity - few false-positive results) are the
two most important parameters; they have to
be calculated for each assay individually.



Test performance

 The positive predictive value (PPV) is the
probability with which a patient with a
positive test result is indeed infected; and vice
versa, the negative predictive value (NPV) is
the likelihood of a patient who tested negative
being truly not infected.



Test performance

Sensitivity

= humber true-positive / (humber true-positive +
number false-negative)

= probability of a positive test result if the patient
is infected

Specificity

= humber true-negative / (number true-negative
+ number false-positive)

= probability of a negative test result if the
patient is not infected



Test performance

Positive predictive value (PPV)

= humber true-positive / (number true-
positive + number false-positive)

Negative predictive value (NPV)

= humber true-negative / (number true-
negative + number false-negative)



Problem: The diagnostic window

 One important problem of HIV antibody testing is the
so-called "diagnostic window". This is the time period
that elapses between the time of acquisition of HIV
infection until detectable levels of antibodies are
present .The switch from antibody-negative to
antibody-positive is called "seroconversion".

 The screening tests currently used are able to recognize
an HIV infection six weeks after primary infection in
about 80 % and after the 12th week in almost 100 % of
cases; only in very rare cases is an infection recognized
after just three or even six months.



e Early during seroconversion the antibody
screening test will be only borderline or
weakly reactive. The Western blot carried out
for confirmation may at this stage not show
any bands at all or an incomplete band
pattern, with the p24 band often the first to
become visible???

e Acute infection, indeterminate, follow up



Direct detection of HIV

e the p24 antigen ELISA has generally been
replaced by the more sensitive nucleic acid
detection assays, 4th generation antibody
screening tests incorporate p24 antigen
detection in addition to HIV antibody

detection, to shorten the "diagnostic window”
period



Direct detection of HIV

 The detection of viral nucleic acid may be
used to detect either proviral cDNA in
leucocytes (which requires EDTA whole blood
samples) or viral RNA in the cell-free
compartment (which requires EDTA plasma).

e polymerase chain reaction (PCR), branched
DNA (b- DNA), nucleic acid sequence-based
amplification (NASBA), or quantitative
detection of reverse transcriptase activity.



Test results

False-positive results by appropriate confirmatory
testing are very rare. A confirmed positive result
therefore confirms the presence of HIV-specific
antibodies and thus, HIV infection.

A positive test result means that the individual
tested

lis infected with HIV (i.e. carries the virus that
causes AIDS)

I may infect others with HIV unless precautions
are taken



A positive test result does NOT mean that the
person tested

| has AIDS
| will necessarily develop AIDS.
A negative test result means:

| HIV antibodies were not detected in the
blood of the individual at the point in time
when he or she was tested.



A negative test result does NOT mean that:

| the individual is not infected with HIV (the
test could have been performed during the
"diagnostic window" period)

| the person tested is immune or resistant to
HIV

| the person tested can have sexual
intercourse without taking "safe sex”
precautions.



YT

NEGATIVE POSITIVE
Serurn sarmples thay Serum samples that
do not produce a produce 3 reachion
feaction i the are petested twice
ELISA are with the ELISA.
canmidered negative,
O S
o S TR O T
v v v
Report abience of CONFIRMATORY TESTING
HIV amtibodies {(Westem blot, immunoblet,
radicimmanopre cipttation of
imrnanofacrescence)
NEGATIVE NDETERMINATE FOSITIVE
k ¥ l
The patient 13 The patient 15 @
mot HIV "'f’..-:.:n_‘lul:h‘\i a longer windaw Report test m: ~
infecind. iod. L ort presemce
\“--._.-'/ e Indeterminate of HIV antibodies
. * When confirmatorny testing A posdtive test result
Retest fmls to estabhah that am ELISA iecheates that the person has
n 6§ reactnng sample 13 evther been infected with HIV and
reontts . megative or posttive, this resualt can trarsm st the mnfection to
afier the w termmed “mdetenmmate™ athers. It 12 mot prognestic of
— * Retest no sooner than § nfpcnion
Tocont Tisk weeks from the date of the frst * Stagng of infection requaes
FrenL sarmple, more mformation such as
* Repeat mdetermmnate resull 15 history, climeal exarmnation
considered negative. and other biological markers.
. B
» * There 13 & small nisk of false positive or falee negatree results, which
I

should be conmdered on an mdividual bans,
* Wheve appropniate, rale cut false negative or false positve results,

POST-TEST COUNSELLING




A rare "equivocal” result in the confirmatory
assay means:

 The test has not given an unequivocal result.
As a consequence, follow-up testing after a
short while is required. Particularly in the case
of clinical symptoms such as fever, lymph
node enlargement, a rash or neurological
symptoms, there may be the suspicion of an
acute HIV infection in which seroconversion
has only just begun.



e If an acute primary infection is suspected for
clinical reasons, direct detection of virus
should be attempted by means of PCR or real
time PCR?. The aim of this, is to detect and
possibly treat an acute HIV infection in time



Table A. UNAIDS and WHO recommendations for HIV testing
strategies according to test objective and prevalence

of infection in the sample population
Objective of testing Prevalences of  Testing
mifection strategy
Transfusion/transplant safety All prevalences I
Surveillance =10% I
=10% I1
Chnical signs/ =30% I
Diagnosis symptoms of <30% I1
HIV
mfection”
=10% II
Asyinplomalic =10% III
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Special case: Babies born to HIV-infected
mothers

e |n babies born to HIV-infected mothers, HIV
antibodies are normally detectable up to
around 12 to 15 months of age, and rarely
beyond 18 months. These are passively
acquired maternal antibodies transferred
transplacentally into the unborn child from
around the 30th week of pregnancy onwards.



e |f this first sample tests positive (and is
confirmed), this points to an intrauterine
infection (less frequent); in case of perinatal
transmission during birth (most common
scenario), virus will only be detectable in the

samples obtained later.

e Attention: avoidance of breastfeeding to
eliminate the risk for postnatal transmission,



n exposed babies, at least two negative HIV
°CR results are required in order to exclude
HIV infection: the first one between the 1st
and the 4th month of life, the second after the
4th month, as only then does it reach its full
signhificance for exclusion of infection.




Needlestick injury or other occupational
HIV exposure

e If the index patient is known, he should be
tested after relevant counseling and consent:
HIV antibodies, HBsAg (do not forget
iImmunization against hepatitis B virus if
necessary), and HCV antibodies.

e before the test result of the index patient is
available; for any delay in instituting HIV post-
exposure prophylaxis (HIV PEP) reduces its
chances of success



e |f the index patient is HIV-infected, a further
follow-up test of the injured recipient is
recommended after 12 months



Useful Internet sources relating to HIV
testing

e http://www.who.int/hiv/amds/diagnostics/en
/index.html

e http://www.cdc.gov/hiv/testing.htm,
nttp://www.cdc.gov/hiv/rapid_testing/

e http://www.fda.gov/cber/products/testkits.ht
m

e http://europa.eu.int/comm/enterprise/medic
al_devices/index.htm



SThanks



* In the meantime, several HIV rapid tests have
been licensed by FDA: OraQuick. (OraSure
Technologies, Pennsylvania, USA), Reveal.
(MedMira Laboratories, Halifax, Nova Scotia),
Uni-Gold Recombigen. HIV Test (Trinity
Biotech, Ireland) and Murex single use
diagnostic system (SUDS).



Sample types

e Unlike ELISA testing for HIV-antibodies in the
blood, which may be transmitted to infants in
pregnancy independently of the virus itself,
dried blood spot testing can be used to detect
genetic material of the actual virus, thereby
avoiding the likelihood of a false positive
result. DBS specimens also pose less of a
biohazard risk to handlers, and are easier to
transport or store than liquid blood specimens




e The accuracy of a test lies in the combination of
two factors: the test’s sensitivity and its
specificity. Sensitivity denotes the test’s ability to
correctly identify a positive sample as positive,
whereas specificity measures its ability to
correctly identify a negative sample as negative.

e false-negative

e false-positive: acute virus infections, pregnancy,
immunizations, autoimmune diseases



e 4th generation antibody tests combine the
detection of HIV antibodies with that of viral
p24 antigen, in order to detect antigen in the
blood sample prior to the formation of
antibodies, thereby reducing the "diagnostic
window"
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