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« diagnosis of HIV
* laboratory diagnosis

Diagnosis of HIV-1

1. screening test

 antibody/antigen (p24) detection assay
* ELISA (enzyme linked immunosorbent

assay)
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Diagnosis of HIV-1

2. confirmatory test

 antibody detection assay
« Western blot

Patient A Patient B

Sensitivity / Specificity

* sensitivity =99.7%
* % of positive results when HIV is present
* specificity 99.8 — 99.99%
* % of negative results when HIV is not present
« false positive 1/250,000 (95% ci, 1/173,000 - 379,000
* % of positive results when HIV is not present
» false negative <0.3%
* % of negative results when HIV is present

R Chou et al., Ann. Intern. Med. 2005
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G Murphy & JV Parry, EUROSURVEILLANCE 2008

Typical evolution of key viral and serological markers during the
first weeks following infection with HIV-1 (schematic diagram)

Viral markers: RNA, Ribonucleic acid; ONA, Desoxyribonucleic acid; Ag, Antigen.
Immunological markers: IgM/IgG6, Immunoglobulin M/G antibodies.

Window period

Table 1.

HIV testing assays and their “window periods.”

HIV test

"Window period”
estimates, weeks®

Assay method

"Window period”
reduction, (:1aysb

First-generation EIA
Second-generation ElA

Third-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 IgM

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
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exposure [20].

* Compared with an imm
a fourth-generation EIA.

60-65% positive 4 weeks after infection
80% positive 6 weeks after infection
90% positive 8 weeks after infection
95-99% positive 12 weeks after infection

J Stekler et al., CID 2007
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» pathogenesis of HIV
» acute infection
* chronic infection

Natural course of HIV-1 infection
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Turnover and infection of CD4* T cells
at various stages of HIV infection
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Quantitative and qualitative measures

of HIV disease progression
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“Cycle of HIV disease pathogenesis:

a hypothesis”

HIV Infection

Depletion of CD4* T cells,
macrophages, DCs
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“Proposed mechanisms of how HIV replication induces activation

of CD4* T cells with specificities for persistent viral antigens”
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“Abortive HIV infection mediates CD4 T cell depletion

and inflammation in human lymphoid tissue”

Neon-Permissive CD4 T Cell Parmissive CD4 T Cell
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G Doitsh et al., Cell 2010

Mechanisms of CD4* T-cell depletion
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HIV pathogenesis and some

outstanding questions
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 antiretroviral drug resistance
 definitions, mechanism
* genotypic resistance testing
« viral and host factors influencing resistance
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FDA/EMA approved antiretroviral drugs

Food and Drug Administration/European Medicines Agency
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most pictures from webpages of the pharmaceutical industry

Challenges of current ART and

on the way to the eradication of HIV
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Rate of virologic failure and development

of drug resistance

n = 7.891 patients
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2 1 mutation 7% 1% 14%

No. at risk
VF 7801 6741 4969 3642 2534 1733 1085 557 152

1AS 7891 6978 5368 4024 2872 2011 1319 707 203

The UK Collaborative Group, CID 2010

resistere = hold back

resistance

Pronunciation: /rr'zist(sins

noun
1 [mass noun] the refusal to accept or comply with something:

they displayed a narrow-minded resistance to change

= the use of force or violence to oppo: meone or something:

government forces were unable to errilla-style resistance
she put up no resistance to being led away

# (also resistance movement) 2 secret organization resisting

authority, especially in an eccupied country
+ (the Resistance) the underground movement formed in France

during the Second World War to fight the German occupying

¢ government. Also call

forces and the Vic

some of ave a lower resistance to cold than others

* [mass noun] Mi
insecticide, etc

ing effect exerted by one material thing on

another:

nce was reduced by streamlinin

s the

4 thedegree to whicha

Slartris murrant fancine anares Aicsinatian B Al

bstance or device opf ge of an

Oxford Dictionaries

The world's most trusted Rarie
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targeting targeting
viral proteins cellular proteins

l l

impairment/inhibition
of viral protein

impairment/inhibition
of cellular protein

function function
impairment/inhibition

of viral replication

representing a
false substrate

impairment/inhibition
of a replication process

/

!

Scheme of the HIV-1 life cycle
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Mechanisms of antiretroviral drugs
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HIV-1: Resistance against protease

inhibitors

up to 25% of
all amino
acids can be
mutated in a
Pl-resistant
virus (and the
protease still
functions)

hiv-web.lanl.gov

Resistance mutations in the HIV-1
protease
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Genotypic HIV drug resistance testing

o 1 gag vif tat nef
At
R 2 RUS5 vpu rev U3R
—
Fa B o v
protease RT integrase gp120 gpa1
protease inhibitors NNRTIs integrase CCR5 fusion
Atazanavir Efavirenz inhibitor antagonist inhibitor
Darunavir Etravirine  Raltegravir Maraviroc  Enfuvirtide
Fosamprenavir Nevirapine
Indinavir Rilpivirine
Lopinavir
Nelfinavir NRTIs
Tt Avacave
p Didanosine
Emtricitabine
Lamivudine
Stavudine
Tenofovir DF
Zidovudine

HIV-1 resistance testing: Genotype

(bulk sequencing)

| protease | reverse transcriptase |
I I

"™ codons 1-99 codons 1-335
Forward Reverse
primer l primer
1.8 kb RT PCR product

|
|

7 overlapping sequence primers

U .

£ mm
¢ —y

www.abbottmolecular.com/ViroSeqHIV1GenotypingSystem_1079.aspx
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Sanger ddNTP chain termination

sequencing
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Frederick Sanger

2. Nobel Prize in Chemistry in 1980

for the determination of base sequences in nucleic acids
1. Nobel price in Chemistry in 1958

for his work on the structure of proteins, especially that of insulin

Plasma sample to genotype

RNA

plasma HIV-1 RNA cDNA

+ HIV isolation synthesis
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analysis

PCR — sequencing —

reverse
Stranscriptase
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HIV-1 resistance testing: Phenotype

assay

pool of transformed E-coli
Transfeetion into 2937T cells

IC.o, wild-type Iaboratory sirain

=
=]

==+ ICy, patient drain e 458 S LTI i e
293T cells

@
S

H. Walter et al., 1999

Inhibitian of viral replication (%}

o

Drug concentration fag/mi)

CF Perno and A_Bertoli in Antiretroviral Resistance in Clinical Practice, 2006

gag pNL4-3&[PI§TS Q RNA extraction
—3 RT3 (13 o PCR amplification of
— ek T 0 11
LTR  PR+RT5 IN e [R the PRTS fragment
deleted Plasma
Ligation " —
gag — 1
[—— | RT3 [m ] o
 — (1 — 1
LTR PRTS IN cnv L
Transformation of E-coli Supernatant with Antiretroviral
Plasmid DNA preparation of recombinant vire drug

Determination of virus replication

N L

= — -

Indicator cells

Some factors influencing the

development of drug resistance

extracellular

drug concentration
PHARMACOLOGY

host genetics influgncing
pharmacodynamics/fkinetics,
e.d., expression levels of MRPs

immune responsés
influencing viral replidation

EXTRA-
CELLULAR

e.g., HDA genotype

genetics influencing
iral replication,
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Potency of treatment is inversely associated

with the development of drug resistance

Low drug levels High dinug levels
but and
amall cnange P mutation amall cl!ange par mutaton

tresLigh

le. e

Nenboosted Pl Boostad Bl

v

Increasing number of mutations

Sourca:AlDS Read @ 2003 Cliggott Publishing, Division of SGP Communications

Evolution and diversity of HIV

~2,6 days

duration of

~1 010_1 012

new viruses/day

replication cycle

AN d
~3/100.000 each mutation ~9.200-9.400
nucleotides | —— | occurs at least once |— | nucleotides
mutation rate per day genome size

!

high intrapatient diversity
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« current forth generation screening tests
are highly specific and sensitive
» CAVE: window period

* pathogenesis of HIV is mainly driven by
virus replication, CD4* T cell depletion,
and chronic immune activation

» development of resistance depends mainly
on efficacies of drugs, genetic barriers,
and mutation rate of the virus
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