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Diagnosis of HIV-1
1. screening test

• antibody/antigen (p24) detection assay

• ELISA (enzyme linked immunosorbent 
assay)

p24

www.leinco.com / www.interchim.com

p24
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Diagnosis of HIV-1
2. confirmatory test

• antibody detection assay

• Western blot

www.aids-info.ch

Sensitivity / Specificity

• sensitivity ≥99.7%
• % of positive results when HIV is present

• specificity
• % of negative results when HIV is not present

• false positive
% of positi e res lts hen HIV is not present

99.8 – 99.99%

1/250,000 (95% CI, 1/173,000 – 379,000)

• % of positive results when HIV is not present

• false negative
• % of negative results when HIV is present

R Chou et al., Ann. Intern.  Med. 2005

≤0.3%
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Aus Datenschutzgründen wurde das automatische Herunterladen dieser externen Grafik von PowerPoint verhindert. Klicken Sie auf der Statusleiste auf 'Optionen', und klicken Sie dann auf 'Externe Inhalte aktiv ieren', um diese Grafik herunterzuladen und anzuzeigen.

Window period

G Murphy & JV Parry, EUROSURVEILLANCE 2008 

Window period

J Stekler et al., CID 2007

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
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Natural course of HIV-1 infection

Fields, Virology
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Turnover and infection of CD4+ T cells 
at various stages of HIV infection

Z Grossman et al., Nature 2006

Quantitative and qualitative measures 
of HIV disease progression

Z Grossman et al., Nature 2006



Diagnosis and Pathogenesis of HIV, 
Antiretroviral drug resistance

Karin J. Metzner, MD

7

“Cycle of HIV disease pathogenesis: 
a hypothesis”

JM Brenchley et al., Nature Immunology 2006

“Proposed mechanisms of how HIV replication induces activation 
of CD4+ T cells with specificities for persistent viral antigens”

A Haas et al. .. HF Günthard, A Oxenius , EMBO Molecular Medicine 2010
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“Abortive HIV infection mediates CD4 T cell depletion 
and inflammation in human lymphoid tissue”

G Doitsh et al., Cell 2010

Mechanisms of CD4+ T-cell depletion

NW Cummins & AD Badley, Cell Death & Disease 2010
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HIV pathogenesis and some 
outstanding questions

HW Virgin & BD Walker, Nature 2010
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FDA/EMA approved antiretroviral drugs
Food and Drug Administration/European Medicines Agency

1987 19921991 1994 1996 1997 19981995 1999 2000 2001 2003 2004 2005 2006 2007 2008 2011

most pictures from webpages of the pharmaceutical industry

Challenges of current ART and 
on the way to the eradication of HIV

• viral reservoir    
(l t t i f ti )

• drug resistance 
( i li ti )(latent infection) (ongoing replication)
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n = 7.891 patients

Rate of virologic failure and development 
of drug resistance

13%
20%

25%

The UK Collaborative Group, CID 2010

≥ 1 mutation 7% 11% 14%

resistere = hold back
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Mechanisms of antiviral drugs

targeting 
viral proteins

targeting 
cellular proteins

representing a 
false substrate

impairment/inhibition 
of viral protein 

function

impairment/inhibition 
of cellular protein 

function

impairment/inhibition 
of a replication process

impairment/inhibition 
of viral replication

Scheme of the HIV-1 life cycle
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Fusion 
inhibitors

Receptor 
antagonists

Mechanisms of antiretroviral drugs
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Mechanism of resistance against 3TC 
(lamivudine)

3TC

RNA

DNA

3TC

3TC
RNA

RNA

DNA
M184V

E Arnold et al., CABM, Univ. New Jersey
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HIV-1: Resistance against protease 
inhibitors

up to 25% of 
all amino 
acids can be 
mutated in a 
PI-resistant 

hiv-web.lanl.gov

virus (and the 
protease still 
functions)

Resistance mutations in the HIV-1 
protease

VA Johnson et al., Top. HIV Med. 2010



Diagnosis and Pathogenesis of HIV, 
Antiretroviral drug resistance

Karin J. Metzner, MD

15

Genotypic HIV drug resistance testing

vif tat1
O

gag nef

vpr

RT
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env
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protease integrase gp120 gp41
CCR5 

antagonist

Maraviroc

fusion 
inhibitor

Enfuvirtide

integrase 
inhibitor

Raltegravir

protease inhibitors

Atazanavir 
Darunavir 

Fosamprenavir 
Indinavir 
Lopinavir

NNRTIs

Efavirenz
Etravirine 
Nevirapine
Rilpivirine

pol

vpu

NRTIs

Abacavir
Didanosine

Emtricitabine 
Lamivudine
Stavudine

Tenofovir DF
Zidovudine

Lopinavir 
Nelfinavir
Saquinavir
Tipranavir

HIV-1 resistance testing: Genotype 
(bulk sequencing)

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

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
reverse 

transcriptase

HIV-1 RNA 
isolation

plasma 
+ HIV

cDNA 
synthesis

cDNA

PCR sequencing analysis
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HIV-1 resistance testing: Phenotype 
assay

H. Walter et al., 1999

CF Perno and A  Bertoli in Antiretroviral Resistance in Clinical Practice, 2006

Some factors influencing the 
development of drug resistance

host genetics influencing 
viral replication, 

e g HLA genotypePHARMACOLOGY

extracellular
drug concentration

CELL

G → A hypermutation 
by APOBEC3 proteins

e.g., HLA genotype

immune responses 

intracellular
drug concentration

VIRAL 
FACTORS

PHARMACOLOGY

CELLULAR 
FACTORS

host genetics influencing 
pharmacodynamics/-kinetics, 

e.g., expression levels of MRPs

fidelity of RT/DNA 
polymerases

by APOBEC3 proteins

fidelity of RNA/DNA 
polymerases

rate of 
recombination

other  yet undefined 
viral and cellular factors

influencing viral replication
FACTORS

EXTRA-
CELLULAR

rate of 
replication
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Potency of treatment is inversely associated 
with the development of drug resistance

~1010-1012~2,6 days 

d ti f

Evolution and diversity of HIV

new viruses/day
duration of 

replication cycle

~3/100.000 
nucleotides

mutation rate

each mutation 
occurs at least once 

per day

~9.200-9.400 
nucleotides  

genome size

high intrapatient diversity
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Summary

• current forth generation screening tests 
hi hl ifi d itiare highly specific and sensitive

• CAVE: window period

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

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


