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HIV, the gut & inflammation: 
(old) partners in crime 

“my colleagues and I hypothesized that
clinical symptoms and intestinal injury are 
directly related to the presence of HIV in 

the mucosa and that the intestinal lamina 
propria could be a site of accelerated

infection and destruction of CD4 
lymphocytes”

Kotler JID 1999;179 (suppl 3)

Giorgi et al. J Immunol 1993
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Untreated HIV: 
T-cell activation 
predicts CD4+ 
loss and survival

Deeks et al. Blood 2004

Giorgi, J et al. JID 1999



Cannizzo et al. JID 2015

Immune (hyper)activation persists upon
suppressive cART



Immune activation affects immune reconstitution
and disease progression on cART

Hunt et al, AIDS 2011 25:2123; 
also: Balagopal JAIDS 2015



Tenorio et al. JID 2014
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Odds ratio of 

non-AIDS 

events 

according to 
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year 1 of 

cART

Tenorio et al. JID 2014
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The gut is ostensibly susceptible to HIV (and 
SIV) infection

• First site of contact with virus

• Size: GALT comprises most (60%) of the secondary
lymphoid organ system; 40-70% of GALT lymphocytes
express CCR5

• Dense cell clustering in gut mucosa facilitating cell-cell virus 
transmission

• The majority of gut-residing lymphocytes are recently
activated memory; state of “physiologic” inflammation



The GALT & HIV: one of the first 
sites infiltrated during acute HIV 

infection



Viral dissemination within
the gut occurs as early as
during the eclipse phase of 
infection

Serial necroscopies in 
44 rhesus monkeys
following intravaginal
SIVmac251

Barouch D Cell 2016

Day 1 post-
infection: greater
fraction of GI 
tissue HIV-RNA+ 
versus SIV 
uninfected control  



Equal HIV-DNA in the gut of acute and chronic
patients

Cannizzo, manuscript in preparation

39 HIV+, 
15 chronic HIV, 14 

primary HIV (1 Fiebig
I-II; 5 Fiebig III; 8 

Fiebig IV/V)



Shuetz et al. Plos Path 2014

Ananworanich et al. J Viral Erad 2016



Viral persistence despite cART

8 HIV+ patients; virologically-suppressive
cART average 8.4 years

Chun T, JID 2008

Lamina propria

T-cell zones and 
intraepithelial lymphocytes

RNA-expressing cells by in situ hybridization- 35S-labeled, single stranded anti-sense
RNA probe of HIV-1, composed of fragments of 1.4–2.7 kb, representing approximately
90% of the HIV-1 genome

Mehandru S, Plos Med 2006

54 HIV+ patients (acute)



HIV DNA and unspliced HIV RNA is detectable in the gut, 
whereas multiply spliced HIV RNA is rarely detectable, 
suggesting infrequent productively infected cells

Yukl S JID 2010

8 HIV+ patients; virologically-suppressive cART
>1 year; CD4+ median 478/mm3 



The GALT & HIV: a mucosal 
catastrophe

1. Local inflammation

2. Mucosal cell depletion

3. Loss of tight junctions



The actors of a 
healthy gut

Mudd & Brenchley JID 2016



The defeated actors of 
an HIV-infected gut

Mudd & Brenchley JID 2016



GI DAMAGE IN 
EARLIEST HIV



1. Highest local inflammation since early HIV infection…..
Gut neutrophil infiltration

Cannizzo et al. CROI 2018

Hensley-McBain et al. Mucosal immunol 2018



….and collagen deposition

Cannizzo et al. CROI 2018



Early cART (FI/FII/FIII) contains gut CD8+ 
activation but fails to revert gut fibrosis

Schuetz A Plos Path 2014 Zeng et al. PlosPathogens 2012



The defeated actors of an HIV-infected gut – 2: 
massive mucosal cell depletion

Mudd & Brenchley JID 2016



2. Massive CD4+ T-cell depletion in the gut… 

Veazey RS et al. Science 1998
Brenchley J et al.J Exp Med 2004



Shuetz et al. Plos Path 2014

…..starting in earliest infection



Paiardini, M. Annu Rev Med. 2009 

Sooty mangabeys -
SM

Rhesus macaques -
RM

Moderate CD4+ depletion also in non-
progressive SIV infection

http://images.google.it/imgres?imgurl=http://sciencenow.sciencemag.org/content/vol2008/issue625/images/200862511.jpg&imgrefurl=http://goatmilkblog.com/2008/06/page/2/&usg=__0dqzT8K0G47HzCZd4PPEXNixBJ8=&h=339&w=450&sz=55&hl=it&start=2&um=1&itbs=1&tbnid=Ndi5JdTkx9OeyM:&tbnh=96&tbnw=127&prev=/images?q=sooty+mangabeys&um=1&hl=it&sa=N&rls=com.microsoft:en-US&tbs=isch:1
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Alterations of 
gut- resident
cells

IL-17/IL-22 
producing

CD4+



Preferential depletion of Th17 cells in the GI tract
of HIV-infected patients sice early(est) infection

Brenchley J, Paiardini M et al. Blood 2008, also Chege D et 
al. AIDS 2011 

6 RM experimentally
infected

Hensley-McBain et al. Mucosal immunol 2018



The frequency of IL-17/IL-22 mucosal CD4+ 
decreases with progression of Fiebig stage  

Schuetz A Plos Path 2014



Early cART (FI/FII) preserves mucosal CD4+ and 
IL-17+CD4+

Schuetz A Plos Path 2014



Alterations of 
gut- resident
cells

IL-7/IL-22 
producing

CD4+

IL-17-
producing



Loss of gut Innate lymphoid 
cells (ILCs) in 12 naive 
macaques, 6 sacrificed at D6 
and 6 sacrificed at D14

Li Plos Path 2014

Kloverpris Immunity 2016

Depletion of circulating ILCs in acute HIV



Loss of gut IL-17-producing ILCs

Jejunum- RM

Xu, Mucosal Immunol 2012



Early cART may preserve the ILCs compartment

No ILC recovery when cART
started in chronic infection

Acute HIV: ILC recovery when
cART (vs no cART start)

Kloverpris Immunity 2016



Alterations of 
gut- resident
cells

IL-7/IL-22 
producing

CD4+

IL-17-
producing

IL-17-
producing 

MAIT



Vinton J Virol 2016

Merlini et al. Frontiers Microbiol 2019

Loss of IL-17-
producing 
MAIT that is
not recovered
by cART

13 HIV+ on cART; 
30 HIV/HCV on 

cART



The defeated actors of an HIV-infected gut –
3: the structural damage

Mudd & Brenchley JID 2016



ZO-1 staining after gp120 treatment and Tat 
treatment

Nazli et al. Plos Pathogens 2010



3. Loss of tight junctions….. 

Cannizzo et al. CROI 2018



….that is not reverted by cART

cARTHC P-HIV C-HIV

Tincati et al. AIDS 2016;
See also Somsouk et al, AIDS 2015

Chung et al.,  Plos Path , 2014
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Tincati et al. AIDS 2016



Elevated microbial translocation in all stages
of HIV infection

Brenchley Nat Med 2006



Hyperacute microbial 
translocation precedes HIV 
viremia

Ericsen et al.,  Plos Path 2016

8 macaques infected
with SIVmac239



Cannizzo et al. CROI 2018



Persistent microbial translocation and gut damage on long-term cART started during 
chronic HIV

Tincati, Ancona et al. CROI 2017 #215

40 HIV+, nadir CD4 =300/ml



Persistent enterocyte turnover and partial reduction of monocyte activation in 
patients treated during acute HIV  

Sereti et al. CID 2017

N=78



Microbial translocation drives immune activation

Brenchley J et al. Nat Med 2006

Marchetti G et al. AIDS 2008; Jiang et al. J Infect Dis 2009



In vivo LPS administration
enhances immune 

activation

Pandrea et al Blood 2012

Ex vivo LPS stimulation
enhances monocyte

activation

Merlini E et al Frontiers Immunol 2016

35 HIV+ cART-
treated



Hyperacute microbial 
translocation precedes HIV 
viremia

Ericsen et al.,  Plos Path 2016

8 macaques infected
with SIVmac239



Microbial translocation drives disease 
progression in untreated HIV

Marchetti et al. AIDS 2010; 
See also Sandler N et al.  JID 2011

379 patients



Marchetti et al. EACS 2015, manuscript
submitted

486 patients, 125 
clinical events (>50% 

SNAEs)

Markers measured
pre-cART



Hunt et al. JID 2014

192 patients

Markers measured
on cART



Immune and epithelial

damage: what comes first? 



Hensley-McBain et al. Mucosal immunol 2018
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Cannizzo CROI 2018, manuscript in preparation



Hensley-McBain et al. Mucosal immunol 2018



Proteins involved in 
epithelial structure are 
altered prior to 
proteins involved in 
immune responses
(mass spectrometry to 
assess colon proteome)

Hensley-McBain et al. Mucosal immunol 2018



The tempo of 
a mucosal
disaster

HIV gut dissemination
(few days)

Gut epithelial
disruption (3-14 days)

Microbial
translocation

Gut and systemic
inflammation

Gut (and systemic) 
immune damage (cell
disruption/apoptosis

etc)

Viral
replicationLead to future 

therapeutic
strategies?
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