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Origin of HIV

epidemic

1980

1st reports of acquired

immunodeficiency

in homosexual men



2.4

Worldwide spread of HIV



HIV attachment to host cells

Receptor: CD4

Co-receptor: CXCR4 or CCR5

Kilby, J. M. et al. N Engl J Med 2003;348:2228-2238
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Early events in HIV-infection



Establishment of HIV latency

Siliciano et al, 2011 



Effect of acute HIV infection on CD4+ T cell subsets

Acute HIV infection infects CCR5+ CD4+ T 

cells (mainly effector memory)

Grossman et al, Nat Med 2006

uninfected



- Continuous infection in lymph

nodes/mucosa

- Generation of  new short-lived CD4+em

- Death of CD4+cm

- Destruction of lymph-node architecture

AIDS:

- CXCR4-tropic HIV infects naive and 

resting memory cells

- Critical loss of  CD4+em and CD4+cm 

CD4+ T cell depletion in chronic infection

Grossman et al, Nat Med 2006
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RAPID PROGRESSOR

Seroconversion

~5%

Extreme courses of HIV disease

~1%

ELITE CONTROLLER

HIV RNA (cp/ml)CD4 T cells/ml 



Unusual course of HIV disease: 

Non-progression despite high viremia

HIV RNA (cp/ml)CD4 T cells/ml 

0.1%
Rotger et al, Journal of Clinical Investigation, in press

Viremic non-progressor



Silvestri et al, CROI 2010

HIV-1 humans

Viremic non progressors

HIV-1 humans

elite controllers

HIV-2 humans

HIV-1 humans

„usual progressors“



Non-pathogenic vs pathogenic

SIV/HIV disease

AIDS No YES

CD4 T cell depletion No YES

Viral load High High

CCR5 expression on T 

cells upon activation

No Yes

Microbial translocation No Yes

IMMUNE ACTIVATION No Yes

SIV/HIV

Non-pathogenic Pathogenic

http://www.google.ch/imgres?imgurl=http://www.dieterbreuer.com/images/mensch_t.gif&imgrefurl=http://www.dieterbreuer.com/&usg=__2kGr6puuSPbxzBKSWd_I6kd75IU=&h=458&w=439&sz=38&hl=de&start=7&zoom=1&um=1&itbs=1&tbnid=fvyVkzOG8ncrnM:&tbnh=128&tbnw=123&prev=/search?q=mensch&um=1&hl=de&sa=N&biw=1506&bih=829&tbm=isch&ei=tlG5TYKvLIjOsgaNn8zqAw


HIV-associated damage to the GI-tract

fuels immune activation

Healthy HIV-pos

Bacterial translocation

Immune activation



Plasma HIV RNA (cp/ml)

CD4 -cells (/µl)

Pathogenic vs non-pathogenic HIV/SIV disease

2-12 Weeks 2-14 years 1-6 years
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2-12 Weeks 2-14 years 1-6 years

600
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200

104

AIDS No AIDS

Pathogenic: (most) humans, macaques Non-pathogenic: Sooty mangabeys

Immune activation

- increased proliferation and activation of T cells

- increased susceptibility to apotpsis

- high levels of proinflammatory cytokines and chemokines

- high levels of interferon-stimulated genes

Rotger et al, Journal of Clinical Investigation, 2012



CD4 depletion

enteropathy

HIV

reduced 

delivery

Depletion of 

CD4+T cells

(T-em and T-cm)

fibrosis of lymph

nodes

immune activation

cytokine switch

microbial 

translocation

Immune activation and HIV

Adapted from 

Douek et al 

Annu Rev Med 2009



Mechanisms of CD4+ T cell depletion:

not only the virus!

Destruction of CD4+ T cells

Direct destruction of infected cells (<1%!!)

- Virus (envelope, Vpr) mediated apoptosis

- Disruption of cell membranes

Indirect induction of death in uninfected cells

- Cytolysis by HIV-specific cytolytic T cells/NK cells

- Triggering of apoptosis upon immune activation

- Apoptosis following interaction with antigen-

presenting cell

Impaired CD4+ T-cell production

Direct effects of virus

- Infection-mediated death of progenitor cells

- Destruction of stromal network for haematopoiesis

Indirect effects

- Cytokine dysfunction

- Opportunistic infections of bone marrow

- Infiltrating malignancies

- Myelotoxic drugs

Adapted from McCune, Nature 2001



CD8-T cell exhaustion

Adapted from Freeman et al, J Exp Med 2006

HIV



Plasma HIV RNA (cp/ml)

CD4+ T cell count (/µl)

Consequences of HIV-induced immunodeficiency

2-12 Weeks 2-14 years 1-6 years

600

106

200

104

Primary HIV Infection

Asymptomatic

Opportunistic infections/

AIDS, death



CD4 T + cells: At the center of immune defense

Fauci et al, Harrison‘s Principles of Internal Medicine, 17th edition
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HIV Lifecycle And Existing 

Drug Targets
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Pregnancy

Post-exposure prophylaxis

Acute HIV-Infektion

ART irrespective of CD4 T cell count

t

CD4

700

500

200
Viremia

Indications for ART 2019



Plasma HIV RNA (cp/ml)

CD4+ T cell count (/µl)

Effect of antiretroviral therapy
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Successful cART is associated with increases in 

CD4+ T-cell responses to HCV and CMV
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Rohrbach et al, GUT 2011
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Early ART reduces viral reservoir

H. Günthard, CROI 2018



…but cure is still not (yet) achievable

(with very few exceptions)

H. Günthard, CROI 2018



Ananworanich, CROI 2017

Broadly neutralizing antibodies did not prevent

viral rebound after ART interruption



40 virus 
panel

Kouyos, Rusert & Kadelka et al., Nature 2018

Induction of almost identical bnAbs in two patients with fully 
different genetic background

The search for the

best HIV antibodies



H. Günthard, CROI 2018





HIV remission (cure?): A very rare event

Gupta et al, NATURE 2019

CCR5d32hom!



A. Gueler et al, and M. Egger for the Swiss HIV Cohort Study and Swiss National Cohort                       

Life expectance in HIV-positive individuals and in 

the general population in Switzerland



Changing causes of death in the SHCS

Ruppik et al, CROI 2011



Summary

A highly adaptable pathogenHIV

Immunodeficiency

AIDS

Antiretroviral 

therapy

Not only due to direct viral

effects

A preventable disease


