HIV kot MwkpoBiwpa

MHNA WYXOrYIoY
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“the ecological community of commensal, symbiotic, and pathogenic
microorganisms that literally share our body space and have been all but

ignored as determinants of health and disease.”
Laureate Joshua Lederberg



O HIV entnpealel To pkpoBlwpa;

Av val, Twc To HkpoBlwpa n N aAlayn Tou ennpeadlel tTn GUOLKN TTOPELL
tnc HIV Aolpwénc kat tn {wn yevikotepa tou HIV+ atopou;

H HAART prmopel val EmNPeACEL TNV OMOLOOTOCLOL TOU EVTEPOU TIPOC TO
«DUCLOAOYLKO»;



Ou HIV aoBeveic umo HAART £xouv Bpoaxutepn emBiwon arod touc HIV apvnTikoUuc HAPTUPEC

Figure. Survival from age 25 years.
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MwpoBiwpa Ko avooia

* O QMOLKLONOC ME CULPBLWTLKOUC ULKPOOPYAVLIOMOUC apXL{El AECWC LETA TN YEVVNON

* O QMOLKLOMOC GTAVEL OTN MEYLOTN TOLKIAAOTNTA TOU KaTd TNV €dNPLkn nAtkio Ko
nopapevel adpa otabepoc otnv vmtoAounn (wn

* 3TO YNPOC N TTOLKIAAOTNTA LELWVETOL KOL TO ULKPOBLlwpa yivETAL TIEPLOCOTEPO AOTAOEC

e To avooomoLlNTLKO pac cvotnua (Puotkn Kol EMLKTNTN avooia) xpeLtaletol
LUkpoBLokec aAAnAemidpacelc yia tnv avamtuén tou. OL UKPOPBLAKES KOWVOTNTEC TTOU
aToLKL{oUV TOoV avOpWTILVO LKPOOPYAVIOMO DOLVETOL VO £XOUV EVEPYO POAO OTNV
OVOOLOKI QTTOKPLON

e Ta CUMPBLWTIKA BaKTAPLO CUMETEXOUV OTNV ekTtaiibeuon Kal oTtn AELTOUPYLKN
pUOULON TOU avoooTolNTKoU. To pkpoBilwpa mpoetolpnalel T KUTTAPO TG PUCLKAC
avooiag WOTE va avtamokplOoluv TaXEwC oTnV mapouacia maboyovwy



MwpoBiwpa kat avooia

e Ta cUMBLWTIKA BakTRpla UIToPOoUV Vo KATAOTEAAOUV TIC PAEYUOVWOELC OTTOKPLOELG
KOL VOl T(POAYOUV TNV AVOOOAOYLKN avoXh

e O YOOTPEVTEPLKOC OWANVAC amoTteAeL tpovopLlovxo B€on emaywyng puOutotikwy T
kuttapwyV (Treg). H emaywyn tTwv Tregs Baciletol otn ouvepykn 6paon Twv
LLLKPOOPYOVLO LWV

* Ta Tregs eival onuovtika eneldn moAAa idén maboyovwyv €xouv tn duvatotnta va
odnynoouv otnv mapaywyn Tregs, ta onolo eKUeETAAAEUOVTAL YLOL VO KATAOTEIAOUV
TNV OLVOOLOLKI) OTTOKPLON TOU EEVIOTN EVAVTLWY TOUC KOl £TOL VA ETIRLWOOUVV

* MikpoBLaka rmapaywya omwc ta Autapd oo Bpaxeioc aAvoou (SCFA) /Boutupko
0&L puBuilouv to pEYeBOC Kat TN dpaon tou SkTUou Twv Tregs oto nePLBAaAAov Tou
TIOLXEOC EVTEPOU

* >T0 PUOLOAOYLKO EVIEPO TOL OLVOOOKUTTAPO BploKOVTAL O€ POl KATAOTOON
TEPLOPLOLLEVNC EVEPYOTIOLNONG
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H duapkeila Tou 0é€oc peTPoOikoU GUVOPOOU ELVOLL TTPOYVWOTLKOG
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— Viral load

Mean plasma viral RNA (copies per ml)
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Virus concentration in extracellular fluid

or plasma (copies per ml)
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Plasma viral RNA (copies per ml)
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AvVOOLOKN QIAVINoN KOTA TV MPWToAoipwén
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O&cia TTpwroyevnc HIV Aoipwén
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HIV pathogenesis
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Adapted from:
1. www. aidsetc.org/aidsetc?page=cg-207_progression_risk {accessed July 2012).
VL: viral load 2. Egger M ef al. Lancet 2002; 360(9327):119-29



Sooty Mangabeys Rhesus Macaques

MoAuvon ard SIV, YPnAOC ukoc MoAuvon amo SIV, upnAa emntimeda ukou
TMOAAQTTIAQGLOOLOG noA\amAaoclacpou

Oyt AIDS, eAG)LOTN AVOGLOKA EVEPYOTIOiNON AIDS, GnUOVTLKH) OLVOOLOKI EVEPYOTIOiNGN



To «set point» TnN¢ AvoolaKAC EVEpyomoinong Kata tn diapkela tng mpwipng HIV Aotpwénc
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To «set point» Tn¢ avoolakng evepyomnoinonc kota tn dtapkeia tne npwipng HIV Aoipwéng

Proportion with CD4 > 350
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Table 2. Factors associated with immunologic progression

in untreated HIV infection

XapunAn avoolokn
gvepyoroinon

YynAn avoolakKn
gvepyornoinon

Hazard 95% confidence
Parameter ratio interval P
Baseline CD8* T-cell activation quartile 2.12 1.25-3.73 .006
Baseline CD4* T-cell activation quartile 1.47 0.91-2.38 115
Baseline log4 plasma HIV RNA quartile 2.31 1.34-4.00 .003
Baseline CD4" T-cell count quartile 0.43 0.22-0.84 02




O apOpog twv CD4 T KUTTAPWYV KOl TWV OPOAOYLKWYV SELKTWV OLVOOLOKAG
gvepyonoinong npodikalovv tnv e€€Aén o AIDS
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Ot elite controllers €xouv unAotepa enimeda CD8 evEPYOTIOLNUEVWV KUTTAPWYV OO TOUG
acBeveic umo HAART e un aviXveUoLo UKo ¢poptio
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Microbial translocation is a cause of systemic immune
activation in chronic HIV infection

Jason M Brenchley!, David A Price!, Timothy W Schacker?, Tedi E Asher', Guido Silvestri°,
Srinivas Rao?, Zachary Kazzaz!, Ethan Bornstein!, Olivier Lambotte’, Daniel Altmann®, Bruce R Blazar’,

Benigno Rodriguezs, Leia Teixeira-Johnson®, Alan Landayg, Jeffrey N Martin!?, Frederick M Hecht!?,
Louis ] Picker!'!, Michael M Lederman®, Steven G Deeks!® & Daniel C Douek!

P < 0.0001
200 1 P < 0.0001

Q)

Plasma LPS (pg/ml)

Uninfected Acute/early  Chronic AIDS
Nature Med 2006, doi:10.1038/nm1511




 Microbial translocation

Deeks S, et al. Immunity 2013; 633-645




Healthy gut HIV infection
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Plasma LPS level, pg/mL >

CD38*HLA-DR*CD8* T cells, %

AAMNoL pnxaviopoi mov euBUvovTtal yla TV avooLaKn EVEpyomnoinon
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‘Evapén tnc HAART otn duapkela tng mpwiung oéeiog Aoipwénc mpoAappavel tnv
anwAela Twv Thl7 kuttdpwv Kat avaoTtpEdEL TNV OPXLKA TTapaTtnEOUMEVN
BAevvoyoviKkn Kot cuotnpatikn ¢Asypovi
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Aciktec PAeypovic kat Ovntotnta oe aocBeveic pe HIV

Table 4. Risk of Death Associated with Biomarker Levels at Study Entry for the Drug Conservation (DC) and Viral Suppression (VS)
Treatment Groups

Biomarker Type of Analysis DC VS p-Value for

b

OR® (95% Cl) p-Value OR® (95% Cl) p-Value interaction
hsCRP (ng/ml) Univariate 20 (1.2-3.4) 0.01 1.8 (0.7-4.6) 0.18 0.41
Adjusted"® 23 (1.2-4.4) 0.01 2.7 (09-7.9) 0.08 0.44
Amyloid A (mg/l) Univariate 1.6 (1.0-2.5) 0.06 1.2 (0.6-2.3) 0.67 0.08
Adjusted” 1.6 (0.9-2.8) 0.11 1.5 (0.6-3.8) 0.40 0.11
Amyloid P (pg/ml) Univariate 0.7 (0.5-1.1) 0.14 0.8 (0.4-1.4) 043 0.22

Adjusted® 0.8 (0.5-1.3) 040 0.7 (0.3-1.6) 0.46 0.31
IL-6 (pg/ml) Univariate 3.7 (2.1-6.4) I 2.8 (1.3-6.1)

Adjusted® 3.8 (2.1-7.2) J 2.4 (1.1-5.2)
D-dimer (pg/mil) Univariate 36 (1.7-7.3) 2.6 (0.7-9.1)

Aajusted o = 1h, A . a-03. U .
F1.2 (pmol/l) Univariate 1.0 (0.6-1.6) 0.98 0.8 (0.3-2.2) 0.71 0.34
Adjusted® 0.8 (0.4-1.5) 047 0.7 (0.2-2.2) 0.55 0.16

Kuller L, et al. Plos Med 2008; 5(10):e203



% of participants

2uvvoonpotntec kat HIV
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2uvvoonpotntec kat HIV

AGEhIV Cohort
HIV-infected HIV-uninfected
100 4
3l T B
80 - el HIV-Uninfected HIV-Infected
] Participants Participants
" : Marker (n=524) (n=540) P Value
& hs-CRP, mg/L 1.0 (0.6-1.9) 1.5 (0.7-3.5) <.001*
s hs-CRP 1.6% 6.7% <.001**
o >10 mg/L
0 T g T 5 D-dimer, mg/L 0.24 (0.20-0.38) 0.23 (0.20-0.36) .078*
<y o £ ® ® Y $ i
A A A A D-dimer >0.5 mg/L 14.1% 13.2% 659**
Mean number of AANCCs
LOB 118 1 1% 1 o7 075 11t 108 151 sCD14, ng/mL 1356 (1080-1738) 1576 (1305-  <.001*
184 p126 ; 97 58 55 193 130 84 66 41 2017 ‘]}
Figure 1. Distribution of the number of age-associated noncommunicable comorbidities stratified by age across both study groups. Abbreviations: 5 C D1 63, ﬂgfm |_ 252 H 82—342} 289 {20?—41 9} {00‘] *

AANCC, age-associated noncommunicable comorbidities; HIV, human immunodeficiency virus.

Schouten J, et al. CID; 2014,59(12):1787-97



Avoolakn evepyornoinon otnv HIV Aoipwén
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Baseline Marker
IL-6
Unadjusted
Adjusted
IP-10
Unadjusted
Adjusted
STNFR-I
Unadjusted
Adjusted
STNFR-II
Unadjusted
Adjusted
Soluble CD14
Unadjusted
Adjusted
D-dimer
Unadjusted
Adjusted

Soluble Markers of Inflammation and
Coagulation but Not T-Cell Activation Predict

Non-AIDS-Defining Morbid Events During
Suppressive Antiretroviral Treatment

Allan R. Tenorio,' Yu Zheng,® Ronald J. Bosch,® Supriya Krishnan,2 Benigno Rodriguez,' Peter W. Hunt,® Jill Plants,’
Arjun Seth,” Cara C. Wilson,® Steven G. Deeks,® Michael M. Lederman,* and Alan L. Landay?
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1.16 (0.85-1.58)

1.69 (1.21-2.36)
1.78 (1.26-2.52)

1.68 (1.21-2.33)
1.88 (1.32-2.68)

1.83 (1.30-2.59)
2.00 (1.39-2.88)

1.39 (1.07-1.82)
1.40 (1.08-1.83)

P Value
Death

OR at baseline for:

|

Cancer MI/Stroke
<.001 2.90* 1.32 1.53
<.001 2.81* 1.37 1.45
428 1.08 1.01 1.48
.362 1.15 1.06 1.41
002 3.31* 1.32 2.04*
001 3™ 1.46 2.04*
.002 2.69* 1.31 2.16*
<.001 4.11* 1.62 2.24*
<.001 2.38 1.61 1.82*
<.001 3.31* 1.81 1.81
.014 1.95 1.25 1.51
012 2.28 1.25 1.46



Year 1 Marker
IL-6
Unadjusted
Adjusted
IP-10
Unadjusted
Adjusted
STNFR-
Unadjusted
Adjusted
STNFR-I
Unadjusted
Adjusted
Soluble CD14
Unadjusted
Adjusted
D-dimer
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P Value
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105
182

<.001
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<.001
.001

.056
069

.001
.004

010
015

Death

4.71*
6.22**

1.19
1.10

2.24*
2.09*

3.08*
2.57*

1.76
1.54

2.36*
2.80*

2.16*
1.95

OR at Year 1 for:

Cancer MI/Stroke
1.65* 1.66
1.68* 1.56
1.16 1.41
1.24 1.36
1.76* Pl
1.74* 2.02*"
1.63 203"
1.71" 2.09**
1.14 1.44
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Tenorio A, et al CID 2014,210:1248-59



Pre-event Marker
IL-6
Unadjusted
Adjusted
IP-10
Unadjusted
Adjusted
sTNFR-I
Unadjusted
Adjusted
sTNFR-II
Unadjusted
Adjusted
Soluble CD14
Unadjusted
Adjusted
D-dimer
Unadjusted
Adjusted

OR per 1 IQR Increase

2.52 (1.84-3.44)
2.42 (1.76-3.33)

1.44 (1.12-1.86)
1.36 (1.05-1.75)

2.18 (1.58-2.99)
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2/56 (1.83-3.60)
50 (1.77-3.53)

P Value

<.001
<.001

005
019

<.001
<.001

<.001
<.001

<.001
<.001

<.001
<.001

OR at Pre-event for:

Death

27.86**
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1.87
1.72

3.72*
3.84"

2.98"
<N ps

2.72
3.00

20.08*
30.18

Cancer

2.63™
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1.62*
1.56

2.98**
281 *k

2.54**
2.38"*

1.47
1.35

3.79*"
3.66™*

MI/Stroke

2.23*
2.20*

1.68
1.60

10"
2.04*

223"
2.14*

1.82
1.81

2.46**
2.44™

Tenorio A, et al CID 2014,210:1248-59



HAART kat cuotnuotikil pAsypovi
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Figure 5 HIV and Innate immune activation - Impact on viral control and immunopathology. HIV infection results in constitutive activation of
the innate immune system due to PAMPs derived from HIV, translocated bacteria, or opportunistic pathogens. This stimulates antiviral activities, but
also potentially contributes to chronic immune activation. For a3 more detailed discussion, see text.
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Gut Epithelial Barrier Dysfunction and Innate
Immune Activation Predict Mortality in Treated
HIV Infection

Peter W. Hunt,' Elizabeth Sinclair," Benigno Rodriguez,? Carey Shive,? Brian Clagett Nicholas Funderburg,®
Janet Robinson,” Yong Huang,* Lorrie Epling,1 Jeffrey N. Martin,"® Steven G. Deeks,' Curtis L. Meinert,® Mark L. Van Natta,°
Douglas A. Jabs,*” and Michael M. Lederman?

Conclusions. Gut epithelial barrier dysfunction, innate immune activation, inflammation, and coagulation—but not
T-cell activation, senescence, and exhaustion—independently predict mortality in individuals with treated HIV infection
with a history of AIDS and are viable targets for interventions.

JID 2014, 210:1228-38



Mnxaviouog TTaBoyEveIag

« Mikpoiakn avicoppoTria ( dysbiosis ) : au¢non pn Kupiapxwv
MIKPORBIaKWYV €10WV Kal JEiwon QUOIOAOYIKNG XAwPIdAC

* Mn TmaBoyova cuuBIWTIKA PMIKPORIO OpYAVIOUOU — UETATPETTOVTAI
O€ EUKAIPIOKA TTaBoyova

* MikpoBiak aAAGBeon ( microbial translocation ) : yetakivnon
MIKpORBiwv f/kal HIKPOBIOKWYV TTEOIOVTWYV TTX. TOCIVWV OTOV
OPYAVIOMO XWpIic TNV UTTapcn BakTnpiaidiog



MiKpoBiwua yaoTPEVTEPIKOU OCWANva

l a-diversity og HIV(+) To €UPOG TNG TTOIKIAIGG HIKPOOPYAVIGHWY
KAl N OXETIKN TOUG agpbovia o€ pia
UIKPOBIaKK KOIVOTNTA TTX O€ MIa
QVATOMIKN B€0n €vOC ATOUOU

Bacteroidetes Prevotella,

Bacteroides,
Firmicutes Proteobacteria



MiKpoBiwua yaoTPEVTEPIKOU OCWANva

H uéiwon TNC TIOLKLAOTNTOC OE TIEPLOXEC OTIOVU UTIOPYEL
dUGOLOAOYLKO pLeyaAn TIOLKIALO, 0ONYeL o€ TTOOOAOYLIKEC
kotaotaoelc = Microbial diversity set point

Bacteroides,

Bacteroidetes Prevotella, |
Firmicutes Proteobacteria



MikpoBiwWNO OCTOMATIKNG KOIAOTNTOG

HIV — gukaIpiakEC AOIMWEEIC OTOUATIKNG KOIAOTNTAC OTTWG AOiNwEN
atmd Candida spp. Kail IKES AOIHWEEIG OTTWG aTTO HSV

HIV (+) aoBeveic — aug¢nuévn “TToIKIAia” oTOPATIKOU
MIKPOBIWPATOG

f
Candida,
Lactobacillus,
S. mutans,
Streptococcus
sobrinus




MiKpoBiwua yevvnTIKWY Opyavwyv

. ETidpaon otn yetadoon tou HIV
|D1aiTEPA OTIC YUVAIKEG

Baktnpiakr] KOATTiTIOO — avIOCOPPOTTIO OTA CUMBIWTIKA
BAKTAPIO TOU YUVAIKEIOU avaTTapaywylkoUu OUCTAPATOG

HIV ( + ) yuvaikeg Pe PAKTNPIAKL KOATTITIOO— 3
(POPEC PEYAAUTEPO KivOuvo peTtddoong HIV



MwpoBiwpa kot HIV

* Decreased bacterial diversity —higher levels of markers of systemic
microbial translocation (LPS, LBP) and monocyte activation (sCD14,
sCD63)

* Lower bacterial diversity — CD4 T cell counts
* Aging and HIV both demonstrate dysbiosis of microbiome



HIV - Napayovtecg mou emnpedlouv To UKpoBiwpa duvntika

* Oela vs Xpovio Aolpwén vs JOI)Ye

elite controllers vs AIDS e EBvikOTNT, DUAR
* Ogpareia vs oL Beparneia * Fewypadikr TPoéAeuon
* >e€OUVAALKN TAUTOTNTA KOl
ouuneptpopa
* Alotpodn

* HAWKLOL
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HIV Disease Transmission and Early Infection

Dysbiosis
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Microbiota

Modifiable Factors:
Stress, Depression
alcohol, smoking,
substance abuse

Microbial - T Cell Activation End stage
Translocation Cell turn over Senescent T cells

0
(0]

<, mmp, Inflammation
@ 0.0 o TNF-aIL6IL-1
©e

Innate Immune Activation

Dilon S, et al AIDS 2016




. Inflammation:
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HIV Replication and Immune Status Are
Independent Predictors of the Risk of
Myocardial Infarction in HIV-Infected
Individuals

Sylvie Lang,""‘t Murielle I'o.t‘lanr';:-l{rause,"3 Anne Simon,” Marialuisa Partisani,’ Jacques Gilquin,? Laurent Cotte,”
Franck Boccara,2*® and Dominique Costagliola™*® for the French Hospital Database on HIV (FHDH)}-ANRS C04°

Conclusions. Independently of cardiovascular risk factors and antiretroviral therapy, HIV replication, a low
CD4 T-cell nadir and a high current CD8 T-cell count are associated with an increased risk of MI in HIV-infected
individuals. This suggests new paths for interventions to diminish the risk of MI in HIV-infected patients.

CID 2012; 55(4):600-7



MICROBIAL TRANSLOCATION LIVER FIBROSIS OR DYSFUNCTION

+Loss of CD4" T cells » Microbial translocation
+ Loss of epithelial cells — « HIV infection of liver cells
+ Altered bowel flora — « Inflammation
«Loss of Th17 cells « ARV toxicity
INITIATORS OF INFLAMMATION + Local inflammation (IFN-a, IDO) « HQV
« HIV replication/production « HBY

« Co-pathogen excess (CMV, HCV)
« Microbial translocation

« Loss of regulatory responses

« Obesity

« Lipodystrophy Tissue factor coagulome
+ Metabolic syndrome INNATE IMMUNITY expression

« Substance abuse - Activated monocytes
and macrophages

+ Alcohol

altered

Y

OTHER RISK FACTORS

« Antiretroviral/HIV toxicity
- Mitochondrial toxicity CARDIOVASCULAR DISEASE
- Telomerase/telomere dysfunction _—= « Atherosclerosis
- Metabolic abnormalities + Plaque Rupture g
- Kidney dysfunction «Vascular dysfunction
- Neuropathy
- Sarcopenia

- Osteopenia
- Immunosenescence

« Substance abuse
« Social isolation
« Polypharmacy AGE-ASSOCIATED DISEASES '

Figure 3. Impact of HIV on Inflammation, Coagulation, and Health
Root causes of infammation in HIV disease include damage to gut mucosa and lymphoid systems, which cause exposure to microbes and high pathogen burden.
——  Microbial translocation, inflammation, HIV replication, and other factors contribute to liver dysfunction, which in turn leads to reduced clearance of miCr bi |
products and altered production of critical hepatic proteins. Liver dysfunction and chronic activation of innate immunity leads toa hypercoagulable state. Excess
subclinical clotting and inflammation each contribute to end-organ tissue damage, vascular disease, and a variety of diseases. The cumulative effect of these
pathways in combination with other well-accepted risk factors for biologic and clinical aging is expected to affect health in older age.
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«VTE, MI, CVA




ORGAN SYSTEM
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O1 HIV aoBeveic napouoialouv noAAd ano Ta avoooAoyikda
XApaKTNPIOTIKA NOU naparnpouvTdl o€ nAIKiIwpevouc HIV (-) aoBeveic

e
patients HIV infection

Inverted CD4/CD8 ratio v v

1 CD28—-, CD8+, CD57+ T cells

1 CMV-specific CD8 cells

J IL-2, I IFN-y (CD8+ T cells)

™ IL-6

J' Thymic output

J Naive/memory T cells

SN X X X S

J T cell proliferation
™ T cell activation ~

J T cell repertoire

AN NN Y N N N N N

J Telomeres for T cells

* Defined as =270 years in ref 2

1. Curr Pharm Des 2013;19:1680-98; 2. Deeks SG. Annu Rev Med 2011;62:141-55



H HAART pnopei va avTioTpEWPE!I KAMNOIEG AMNO TIC
BAaBec nou npokaAeoe o HIV oTo avooiako ocuoTnHa

Uninfected patients Untreated Long-term
aged 270 years HIV infection HAART

Inverted CD4/CDS ratio Unknown

1 CD28-, CD8+, CD57+ T cells v v Unknown
1 CMV-specific CDS8 cells v v v

4 IL-2, P IFN-y (CD8+ T cells) v v Unknown
M IL-6 v v Possible
J' Thymic output v v Unknown
J' Naive/memory T cells v v Possible
Jd T cell proliferation v v Possible
M T cell activation ~ v Possible
Jd T cell repertoire v v Possible
J Telomeres for T cells v v ~

1. Curr Pharm Des 2013;19:1680-98; 2. Annu Rev Med 2011;62:141-55;
3. JInfect Dis 2013;207:1157-65; 4. Front Genet 2013;3:1-10



Treatments to modify the intestinal microbiome and mmprove clinical outcomes.

Probiotics
* Yogurt supplemented with single (e.g. Lactobacillus rhamnosus) and nultiple stramns of bactena (e.g. L. rhammosus, L. reufer).
* Fermented mulk supplemented with single (e.g. L. casef) and nmltiple strams of bactena (e.g. Lacfobacallns spp., Bifidobactena spp.).

* Capsules with single (e.g. Saccharomyres bowlardu; Bacillus coagulans) and multiple stramns of bactenia (e.g. Sirepfococcus spp.
Bifidobactena spp., Lactobacillus spp.).

Prebiotics

* Smgle compounds (e g. ohgosacchandes: short-chain galacto-cligosacchandes, long cham fructo-ohigosacchandes (mulin), pectin
hydrolysate-denived acidic - oligosacchandes).

* Multiple compounds {e.g. ohgosacchandes, bovine colstrum protein, cystemme, hpids, lactose, glucose).
Svnbiotics

* Multiple strains of bactena (e.g. Pediococcus penfosacens, Lenconosioc mesenteroides, L. paracases, L. plantanmm) + nondigestible,
fermentable dietary fibers (e.g. betaglucan, immlin pectin and resistant starch).

Fecal microbiota transplantation




Restoring the Microbiome
in HIV Infection

Probiotics

HIV Reservoir

Prebiotics

ART with intestinal
penetration

Maormalized
microbiota

Fecal microbiota
transplant

Reduced systemic
inflammation and
immune activation

Short term diet
modification

Targeting the Reservoir in

HIV Infection

Immunotherapeutics

Latency Reversing
Agents

Early ART
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|

Reduce HIV latent
reservoir

Improve HIV vaccine
Mesponses

\ /

HIV Remission and
Cure




Study Design:
Appropriately matched controls
Gender
Extensive dietary questionaires

. Multiple sites throughout Gl tract
HIV-exposed seronegatives Pre- and post-ART
PReP A Time on ART

HIV Disease Status:
Elite controllers
Long-term non-progressors
Immunological non-responders

— ~ e
S > \ /’A

~ Future
Additional ‘Omics Studi'es: '"‘\\‘Dll'eCthnS

metagenomics,
metatranscriptomics, |

metaproteomics, 7 i

metabolomics

Other Microbiome Components:
enteric fungi (mycobiome),
archaea, viruses,
bacteriophages

Treatment of Dysbiosis
Prebiotics, Probiotics, Synbiotics
Dietary interventions, SCFAs, FMT
Novel anti-inflammatory therapies



