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Clinical 
Progression 
of HIV



What are the mechanisms underlying CD4+ T-
cell loss in HIV infection?



Direct attack by HIV

• Tap and drain hypothesis explains the 
slow depletion of CD4+ T-cells

- increased apoptosis
- increased proliferation and thymus 

output

Vijayan et al. Front. Immunol 2017

Yet, also uninfected cells are also lost 
during HIV infection

http://www.niaid.nih.gov



Immune activation (CD8+CD38+HLADR+) is a
feature of HIV infection and is linked to disease
progression

Giorgi, JID, 1994 Liu, Cytometry, 1996

Group A: 
highest CD4+ (< 500/Ul)
lowest CD8+CD38+

Group F:
lowest CD4+ (< 200/ul)
highest CD8+CD38+ 



Immune activation is a cause of CD4+ T-cell 
loss in untreated HIV

Individuals with higher baseline quartiles
of CD8+ T-cell activation (P = .002 by the
log-rank test) and viremia (P = .004) but not
CD4+ T-cell activation (P = .21) were more
likely to experience subsequent CD4+ T-
cell decline.

Deeks, Blood, 2004



What causes immune activation in HIV 
infection?

Multifactorial: co-infections (CMV, HCV), low-level viremia 



Microbial translocation features HIV/SIV and 
causes immune activation

Brenchley et al., Nat Med 2006

Markers of microbial transolcation:
- LPS
- sCD14
- EndocAb



Why does microbial translocation occur in 
SIV/HIV?



CD4+ T-cell are preferentially lost in the gut during 
HIV infection

Brenchley et al., J Exp Med 2004IHC staining for CD4+



HIV causes direct damage of the gut barrier

Nazli et al., Plos Pathogens, 2010

HIV-1 induced barrier
permeability is
dependent on virus
envelope glycoprotein

gp120 neutralization

Env defective mutant:
lack of Env polyprotein
lack of gp120 and gp41

TER: transepitehlial
resistance, measure of
monolayer integrity



The Loss of Gut Junctional Protein Expression 
Occurs in Early HIV

Tincati et al, AIDS, submitted

Healthy Control Primary HIV
(untreated)

Chronic HIV
(untreated)



Tincati et al, AIDS, submitted

Collagen

CD4+ T-cells

Neutrophil infiltration

Gut Fibrosis and Inflammation Occur Early in HIV



Th17 and Th22 mantain intestinal barrier integrity

• Th17 cells:

- produce IL-17, (IL-22), but not IL-4 or IFN-γ  critical functions for maintaining mucosal
antimicrobial immune defenses; balance Th1-Th17(inflammatory)/Th3-Treg
(suppressive) for normal homeostasis

- abundant in mucosal tissues, including the female reproductive tract and throughout
the intestine

- IL-17A blockade: increased intestinal permability, increased susceptibility to gram
negative bacteria

- produces and stabilizes/positions tight junction proteins that maintain mucosal
epithelial integrity

• Th22 cells: produce (only) IL-22

- host resistance to extracellular pathogens (restrict commensal bacteria from the
systemic circulation in mouse models)

Veazey, Curr Immunol Rev, 2019 



Loss of Th17 and Th22 at mucosal sites in 
HIV/SIV

Micci et al,. Plos Path, 2016

Levels of Th17, Th22, and Th17/Th22 are more drastically depleted by SIV 
infection in RB than PBMC

SIV infection severely ablates intestinal IL-17 and IL-22 producing cell 
function and levels



Loss of gut Th17 and Th22 is key in HIV pathogenesis

Micci et al,. Plos Path, 2016



The gut is a major site of viral 
replication/tissutal reservoir

Estes et al.,  Nat Med, 2017



Figure 1.
Key Figure: Latent HIV Is a Multifactorial Challenge
In addition to the CD4+ memory T cell subsets found in the
peripheral blood, the lymphoid tissue, gut-associated
lymphoid tissue, and the central nervous system are
significant anatomic focuses of latent HIV infection.
Furthermore, additional tissues, such as the lungs and skin,
may also contain cells harboring latent HIV. Additionally,
unknown potential reservoirs remain to be defined. Each of
these tissues contains unique cell types that contribute to
the persistence of HIV during effective ART. Abbreviations:
TH, CD4+ helper T cells; NK, natural killer cells.



http://www.niaid.nih.gov

Reservoir=what causes rebound=obstacle to a cure



Metti referenze di mellors

Stop cART: 
rebound in 2-3 wks

The HIV reservoir causes rebound

Rothenberger,  PNAS 2015
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Increased Gut Reservoirs in Early HIV (according to 
Fiebig stage)

Leyre, Sci Translational Med, 2020Tincati, et al, AIDS, submitted



Gut Dysbiosis and the Translocating Microbiome 
in HIV



Brenchley et al., Nat Med 2006

Disruption of gut microbiota early in the course of SIV/HIV 
disease

Gori et al., Journal of Clinical Microbiology,2008

P. aeruginosa
C. albicans

lattobacilli

fluorescence in 
situ hybridization

or 
quantitative real-
time PCR (Q-PCR)



Dillon et al. AIDS 2016



• Bacteria enriched in VU subjects
correlate with markers of disease
progression

• Bacteria depleted in VU subjects
correlate positively with protective
immune markers (low T cell activation
in the blood and gut, higher gut IL-17
secretion) Vujkovic-Cvijin et al.,  Sci Transl Med, 2013

Gut dysbiosis is linked to HIV disease
progression



HIV

Impaired Gut Mucosal Immunity 
(Th17, Th22; and many more)

Immune 
Activation

CD4+ T-cell loss
Microbial 

Translocation
(dysbiotic microbiome)

Impaired Gut Barrier

Gut 
Reservoirs

GUT PERIPHERAL BLOOD



Clinical Progression of HIV



Does cART restore the structural, immune 
and microbiological imbances in the gut?



Hunt et al. JID 2003

Treatment-mediated Change in CD4 Count
by CD8+ T Cell Activation
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Higher CD8+ T cell activation persists on cART and is associated 
with lower treatment-mediated CD4+ T cell gains 

Marchetti et al., AIDS 2006

(see also Pitrak AIDS 2001)



Microbial translocation persists on cART and 
hampers CD4+ T-cell gain

Marchetti et al., AIDS 2008 

(see also Jiang JID 2009)Brenchley et al., Nat Med 2006



Limited reconstitution of CD4+ T-cell in the 
gut during cART (acute vs chronic)

Allers, Mucosal Immunology, 2016

Timing of cART may influence
CD4+ T reconstitution in the
gut:
- acute: CD4 820/uL
- early chronic: CD4 > 350/uL



Impaired reconstitution of IL-17 producing 
cells in the gut

Ryan, Plos  Path 2016Chege, AIDS, 2011



INR display impairment of ileum JC

HIV- FR INR

HIV- FR INRZO

Zonula occludens 1

Tincati et al.; AIDS 2016

See also: Chung et al. Plos Path 2014; Somsouk et al. AIDS 2015



INR display impairment of colon JC

HIV- FR INR

HIV- FR INR

Zonula occludens 1

Tincati et al.; AIDS 2016

See also: Chung et al. Plos Path 2014; Somsouk et al. AIDS 2015



Proportion of infected cells (vRNA+)
cells in each organ system before
and during suppressive ART

Estes et al. Nat Med, 2017
Gosselin, AIDS, 2017

HIV persistence in 
Th17 cells



Rhoades et al. Front Immunol 2019

LTC-HIV+ are enriched in  gut Gardnerella, Snethia, Fusobacterium, Lactobacillus, 
and Helicobacter; Prevotella is more abundant in individuals with a low CD4+ and 

negatively correlates with CD4+ T cell count



Translocating bacteria in the blood impact CD4+ recovery

Serrano-Villar, JID, 2021

Merlini, PlosOne 2011

Nganou, Cell, 2021



Bacterial toxins may mediate poor CD4+ T-cell gain

PCS: p cresol-sulfate
ICS: indoxyl sulfate

Ferrari, JCI, 2021 (see also Nystrom, OFID 2021)



Low CD4+ nadir: low-microbial gene 
richness linked to ROS gene enrichment

Guillen, Mucosal Immunology, 2019



Possible associations between bacterial composition and gut
damage/microbial translocation

Ancona et al. Front Immunol 2021 



HIV-associated gut microbiota features correlate with markers of HIV 
disease progression and comorbidity prevalence

Vujkovic-Cvijin et al. Nat Comm. 2020



Tincati, AIDS Res and Ther, 2016



Novel approaches to treat HIV (all failed)

• Immune activation: steroids, anti-TNF, statins

• Microbial translocation: sevelamer, rifaximin

• Immuno adjuvants: IL-2, IL-7, IL-22 

• Dysbiosis: fecal transplantation

• Reservoirs: latency reverting agents

And many more….



Conclusions

• During HIV structural, viro-immunological and microbiologica changes 
occur in the gut site of pathogenesis

• cART partially reverts such abnormalitiesimplications in patient 
management and viral eradication:

- Which cART/adjuvant strategies? Impact on inflammation? Drug 
penetration in tissues?

- When should we treat? The earlier the better?
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