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The human microbiome – Human Microbes 2018



HIV as a pro-inflammatory 
disease



Giorgi, J et al. JID 1999 

Deeks et al. Blood 2004

T-cell 
activation 
predicts 
CD4+ T-cell 
count over 
time



Cannizzo et al. JID 2015



Immune activation affects immune reconstitution
and disease progression on cART

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



HIV as a disease of 
the gut



Shuetz et al. Plos Path 2014

Earliest depletion of gut-associated CD4+

Brenchley et al. Nat Med 2006



Sandler & Douek, Nat Reviews 2012

Shuetz et al. Plos Path 2014



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



HIV: INFLAMMATION AND GUT DAMAGE

INFLAMMATION GUT DAMAGE



Early depletion of gut tight junctions that is 
not reverted by cART

cARTHC P-HIV C-HIV

Cannizzo et al. CROI 2018



Chronic HIV on virally-
suppressive cART: nadir 

CD4<200/mm3

Healthy HIV 
uninfected

Tincati C et al. AIDS 2016



Brenchley et al. Nat Med 2006



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

Tincati T et al. CROI 2017 #215, paper in preparation

40 HIV+, nadir CD4 =300/ml



Hyperacute microbial 
translocation precedes HIV 
viremia

Ericsen et al.,  Plos Path 2016

8 macaques infected
with SIVmac239



Cannizzo et al. CROI 2018



Microbial translocation as continuous
challenge to immune activation



Brenchley Nat Med 2006; Jiang et al. JID 2009



In vivo LPS 
administration enhances

immune activation

Pandrea et al Blood 2012 Funderburg N et al Blood 2010

Ex vivo LPS stimulation
enhances monocyte

activation



Ex vivo LPS stimulation drives monocyte activation

Merlini E et al Frontiers Immunol 2016

35 HIV+ cART-
treated



Altered gut microbiota in SIV/HIV

Brenchley Nat Med 2006; in humans: Gori et al. JCM 2008



Colon biopsies from 17 untreated HIV; 14 
uninfected controls 

Dillon et al.,  Mucosal Immunol, 2014

Prevotella-rich, Bacteroides-poor gut microbioma



Gut dysbiosis as driver 
of immune activation



Prevotella spp. drive ex vivo increased production of pro-
inflammatory cytokines by LP mDCs

Colonic LPMC exposed to several HAMB 
(HIV Altered Mucosal Barrier)

Dillon et al.,  Mucosal Immunol, 2016



Dillon et al.,  Mucosal Immunol, 2014; also Vasquez-Castellanos Mucosal Immunol 2015 



Antibiotic-treated mice 
colonized with P. copri; DSS-

induced colitis

Patients with 
ulcerative colitis

Lucke et al. J Med Microbiol 2006

Scher et al. Elife 2013



Noguera Julian Ebiomedicine 2016

Changes in 
microbiota
associated to 
sexual preference
(and HIV)



Guillen et al. Mucosal Immunol 2019

Fecal whole metagenome shotgun
sequencing



Guillen et al. Mucosal Immunol 2019



Lower genetic
richness is
associated with 
inflammation

Guillen et al. Mucosal Immunol 2019



Low gene content were
enriched in genes involved
in reactive oxygen and 
nitrogen (ROS/RNS) 
metabolism encoded by 
Bacteroides and 
Proteobacteria

Adaptation of the gut
microbic ecosystem to 

continuous (HIV-driven) 
oxidative stress 

Guillen et al. Mucosal Immunol 2019



Dysbiosis and HIV aquisition?



The human microbiome – Human Microbes 2018



Clinical question: does 
microbiome affect HIV 

acquisition? – issue for PreP



Burgener A et al. Curr Opin Immunol
2015

Putative 
mechanisms
behind HIV 
transmission
in the female
reproductive
tract (FRT)



Vaginal microbiome: possible cervicotypes
(CT) influence HIV acquisition

FRESH cohort (South Africa), 236 HIV uninfected
women (31 became infected)

Gosman et al. Immunity 2017



Diverse vaginal microbiome across ethnicities

Ravel et al. PNAS 2011



Which mechanism(s) 
by which vaginal 

bacterial dysbiosis
increases HIV 
transmission?



Vaginal
dysbiosis is
associated to 
genital
inflammation

WISH cohort: 168 HIV-
uninfected women in 
South Africa

Lennard et al. Infec and Immunity 2018



Vaginal dysbiosis is a cause of genital
inflammation

C2/C3= 
Lactobacillus-rich

cervicotypes

Lennard et al. Infec and Immunity 2018



Burgener A et al. Curr Opin Immunol
2015

Vaginal
dysbiosis
and 
epithelial
barrier
dirsuption?



Vaginal epithelial barrier proteins are lower in Gardnerella- vs 
Lactobacillus-enriched cervicotypes

G1: Lactobacillus-enriched; 
G2: Gardnerella-enriched

Cornified envelope proteins: involucrin
(INVO); Small Prolin-Rich Protein 1A 

(SPR1A)

Cohort1: female partners in 
Partner PreP (Kenya); Cohort 2: 

uninfected women (US)

Zevin A et al. PLosPath 2016



Bacterial species drive FRT epithelial barrier repair

Zevin A et al. PLosPath 2016



Vaginal dysbiosis

reduces mucosal
epithelial integrity



induces mucosal
inflammation

reduces mucosal
epithelial integrity

HIV-driven dysbiosis:

Facilitates HIV 

mucosal
infection/transmission



The clinical question: 
does dysbiosis affect 

PrEP efficay?



Lower PrEP effectiveness in women versus 
men

Modified by Klatt CROI 2018



Lower PrEP

effectiveness in 
women versus men

Adherence? 
Mucosal drug penetrance/pharmacokynetics? [Seifert et al. AIDS 

Hum Retrov 2016]

Other biological mechanism(s)? Vaginal 
microbioma? Vaginal inflammation? 



The Caprisa-004 Tenofovir gel PreP trial



FGT inflammation
predicts TFV gel 
efficacy in PrEP

Post-hoc prospective
analysis of CAPRISA-004 
women (n= 774)

McKinnon et al. Nature Med 2018



Maximal efficacy in 
TFV-receiving women
with no FGT 
inflammation

McKinnon et al. Nature Med 2018



688 women from 
CAPRISA-004

Klatt et al. Science 2017



N= 407 N= 281

Klatt et al. Science 2017

Vaginal microbioma dramatically
influences PreP efficacy



BV bacteria

Klatt et al. Science 2017

Bacterial vaginosis-associated
bacteria rapidly metabolize

tenofovir, reducing extracellular
drug availability



Gardnerella decreases pharmacologically-active TDF by metabolizing tenofovir
before cell uptake, in turn affecting gel adherence estimates based on vaginal drug
levels [Kashuba et al. JAIDS 2015]

Klatt et al. Science 2017



Potential reduction of TFV-based PreP
efficacy in vivo!

Modified by Klatt CROI 2018



Potential reduction of DPV-based PreP efficacy in 
vivo!

Modified by Klatt CROI 2018



Higher efficacy for TAF-based PreP ?

Modified by Klatt CROI 2018



No influence
of vaginal
dysbiosis of 
oral PrEP
effectiveness

1470 women in 
Partners PrEP
study

Heffron et al. Lancet HIV 2017



Pro-inflammatory
challenge

HIV acquisition
Disease progression (with 

and without cART)
Immune reconstitution to 

cART

Inflammation/immune activation

•Dysbiosis

•Residual HIV replication

•Co-infections

•Gut damage, microbial 
translocation

•Lymphoid fibrosis

•…….many more (?)



Wei Li et al. Curr Opin HIV AIDS 2018

Targeting the microbiome for HIV 
cure?
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