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Anatomical HIV reservoirs
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Drug resistance mutations by tissue source

Patient #7 PBL Esophagus Stomach Duodenum
Visit 1
None (1008%) MNone (20%) MNone (25% MO
ddl T215Y (20%) L74V (8.3%)
M41L, T215Y (40%,) T215Y (16.7%)
M4TL, 165N, T215Y L74V, T215Y (50%)
(20%)
Visit 2
M41L, L74Y, T215Y (1009) T215Y (100%) None (45.5%) M41L, T215Y (54.5%)
ddl MJA1L, L74V, T215Y T215Y (27.3%)
(9.1%)
T215Y (36.4%) M4ATL, 74V, T215Y
(18.29)
L74V, T215Y (9.1%)
Visit 3
Mone (87 5%) MATL (42 9%) T215Y (93.8%) MATL (18.29)
ALT F775 (12.5%) T215Y (57.19%) L210F, T215Y (6.25%) Mone (81.8%)

van Marle et al Retrovirology 2010
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HIV-1 RNA Levels and Antiretroviral Drug Resistance in
Blood and Non-Blood Compartments from HIV-1- CroseMark

Infected Men and Women enrolled in AIDS Clinical Trials
Group Study A5077

Rami Kantor'*, Daniel Bettendorf?, Ronald J. Bosch?, Marita Mann’, David Katzenstein®, Susan Cu-Uvin’,
Richard D’Aquila®, Lisa Frenkel®, Susan Fiscus®, Robert Coombs’ for the ACTG A*%77 Study Team'

PLOS ONE | www.plosone.org 1 April 2014 | Volume 9 | Issue 4 | e93537



Antiretroviral Drug Resistance in Plasma and Genital Tract Fluid in Enrolled Men and

Number of Subjects
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Antiretroviral-naive and -treated HIV-1 patients can h¢
resistant viruses in CSF than in plasma

Cathia Souliel3*, Diane Descamps*?®, Maxime Grudel?, Veronique Schneider®, Mary-,
Laurence Morand-Joubert!.28 Constance Delaugerre?19, Brigitte Montes!1, Francis Barin
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Description of treated patients with discordant mutations

between the CSF and plasma HIV-1 sequences

O SF

Pl

Patient Treatment CPE Subtype VL (log;y copies/ml) RT protease VL (log s copiesfmil) H|
1 faTC, ddl, NVP 8.5 CRFO1_AE 431112 V108l 415521
2 f3TC, TDF, ETR 25 B 430103 K20R, L63P 5363347 E1380Q
3 f3TC, TOF, ETR 35 D 454845 M&1L, L210W, T215Y VaiT M230L
4 f3TC, ABC, 105 B 361805 Y181C, M1B4V, 5.71850

TDF, NVP T215Y,H221Y
5 f3TC, ABC, DRV 85 C 493952 K20R 3.55630 Y188L
B f3TC, ABC, fAPY 8.5 364345 L10F, L101 232428
7 faTC, TOF, fAPY 65 B 545618 M&1L, L74Y, Y181C, 250741

M184V, L210W,
T215Y,K103N

g f3TC, TOF, ATV 55 B 464650 K103M 422272 TESN
9 ALT, 50V, LRV 8 (RFDZ_AG 496480 LS0M 3.75664
10 AZT, fiTC, sQV 75 B 389209 358677
11 f3TC, TOF, ATV 55 B 331452 AT1V, LSOM 5.13374
12 f3TC, TOF, LPV 6.5 CRFOZ_AG 344592 M1B4V 221484 Va0I
13 AZT, ABC, LFV 10 CRFO6_CPX 5.14993 M&61 207555
14 faTC, d&T, ddl, 145 B 3.21958 453842 DE7M, K70R, ¥

ABC, 50V, LZ210W, K2

MNPV, LPV
15 f3TC, ABC, LPV 8.5 CRFOZ_AG 3414587 459356 M1841, M184
16 f3TC, TOF, LPV 65 B 320683 M361 6.78056
17 ddl, TDF, ATV 5 B 3.68422 ATIL ATIV 227416
18 faTC, ABC, ATV 75 B 3.259667 M&gE1, 193M 358804

Soulie net al. JAC 2015




CONCISE COMMUNICATION

Differential impact of APOBEC3-driven mu
on HIV evolution in diverse anatomical com

Slim Fourati®?, Sidonie Lambert-Niclot®”, Cathia S

Marc Wirden®”, Isabelle Malet*?, Marc A. Valan
Roland Tubiana®¢, Anne Simon®Y, Christine Katlar

AIDS 2014, 28:487



Paired CSF/PBMCs
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Conclusion: APOBEC3-induced mutations observed in peripheral blood underestimate
the overall proportion of hypermutated viruses in anatomical compartments. The
resulting mutations may favor escape to antiretrovirals in these compartments in
conjunction with a lower penetration of drugs in some sanctuaries. On the other side,
because hypermutated sequences often harbor inactivating mutations, our results
suggest that accumulation of defective viruses may be more dominant in sanctuaries
than in peripheral blood of patients on effective HAART.

© 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins

AIDS 2014, 28:487-491
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Genotypic Resistance of Archived and Circul
Strains in the Blood of Treated HIV-Infected |

Ombretta Turriziani, PhD. * Mauro Bucci, BSc,* Armando Stano, BSc,* Carolina
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Journal of Clinical Virology 38 (2007) 3
Genotypic resistance in plasma and periphe

lymphocytes in a group of naive HIV-1 p:

[sabella Bon?, Davide Gibellini®, Marco Borderi® . Federica



Percentage of samples with the highest number of

mutations in plasma RNA or in PBMC DNA
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Mutational Resistance Pattern of HIV Type 1
Monocytes, CD4 " T Cells, and Plasma
Treated Patients

Abstract

It is necessary to understand the molecular nature of the virus population that persists in
achieve this we planned to characterize the patterns of resistance of HIV-1 in CD14 " mo1
and plasma. Blood samples were collected from 42 patients treated for HIV: 32 were in vir
10 viremia was undetectable. CD14" and CD4" T cells were isolated using magnetic bea
reverse transcriptase and protease gene of HIV-1 was undertaken using the fluorescer
method. Of the 32 patients in virological failure, 24 (75%) had resistance mutations in at le
The numbers and types of mutations from monocytes were the same as those detected
associated virus and plasma in only 8% whereas in 71% monocytes exhibited a differeni
21% of patients, the profile of drug-resistant mutations in the virus from blood monocytes 1
plasma but differed from that in CD4. In the 71% of patients with virological suppr



Reverse transcriptase mutations detectable at plasma and PBMC levels

Patient no. Clinical Viral load Virus subtype CDh4 RT mutations detectable in ET mutations detectable in
category” plasma PBMCs
1 DIl 209,700 CRF-AG 748 Wild type Wild type
2 Al 502,000 B 119 D&TN, K2190), TEOTT D&TN, K2190), Te9TT
3 DIl 30,800 F 72 Wild type Wild type
4 DIl 302 B 1127 Not amplified G190A
3 DII 95,900 B 705 Wild type Wild type
& BIl 6.630 F 323 T2155 T2155
7 DIl 675 C 585 M41L, TZ15D M41L, TZ15D
8 DIl 47,500 B 487 M41L, A2V, VTSI, G190A M41IL, A2V, VTSI, G190A
9 DIl 900 B 669 Not amplified M41L. T215Dy
10 Al 13,000 B 137 Wild type T2155
L1 DIl 9.570 B 816 Wild type Wild type
12 DIl 17.500 B 393 Wild tvpe K1010. V1064
13 DIl 17,800 B 468 Wild type Wild type
14 Bl 15,700 B 341 D&TN, TAON., K103, D&TN, TAON, K103,
G190A, T2158, K219Q) G1904, T2155, K219Q)
L5 DIl 23,200 B 976 Wild type Wild type
16 Bll 23,100 B 283 Wild type V1064
17 DIl 18,700 B 491 Wild type Wild type
18 DIl 29,100 B T30 Wild type Wild type
19 DIl 63,600 B 412 Wild type Wild type
20 DIl 21,000 B 600 Wild type Wild type
21 DIl T7.A400 B 451 Wild type Wild type
22 DIl 36,000 B 110 Wild type T2155
23 ClI 125,000 B T45 Wild type Wild type
24 DIl 3,930 B 915 Wild type Wild type
25 DIl 5790 B 1000 Wild tvpe G1905
26 DIl 17.600 B 806 Wild type Wild type
27 DIl 1730 B 866 Wild tvpe MAIL. T215F
28 Bl 450,500 C 205 Wild type K70R. V1181
29 DIl 35400 B 690 Wild type Wild type
30 Bll 29,000 B 228 Wild type L1001
31 Al 500,000 B 89 Wild type Wild type

* On the basis of the “guidelines for the use of antiretroviral agents in HIV-1 infected adults and adolescents (www.aidsinfo.nih.gov/guidelines).

Bon | et al. J Clin Virol 2007



@PLOS | one

RESEARCH ARTICLE

High prevalence of HIV-1 transmitted drug-
resistance mutations from proviral DNA
massively parallel sequencing data of therapy-

naive chronically infected Brazilian blood
donors

Rodrigo Pesséa’, Sabri S. Sanabani'2*

PLOS ONE | September 27, 2017



Proteasegene coding region

Reverse transcriptase gene
coding region (NRTI)

Reverse transcriptase gene
coding region (NNRTI)

PBMC (Deep PLASMA (Bulk PBMC (Deep  |PLASMA (Bulk | PBMC (Deep |PLASMA (Bulk
Sample ID sequencing) sequencing) sequencing) sequencing) sequencing) | sequencing)
10BR_MGO006  |M46l*, L63P, 193L  |L63P, I93L M1841*
10BR_MGO009 |M36I, M461* M36I
10BR_MGO013 |M46I*, 164V 164V
10BR_MGO027 M361*, 164V 164V M184I
10BR_MGO039 A71T, V771, 193L A71T, V771, 193L T69N T69N
10BR_MGO045 M46L, 164V, 193L M46L, 164V, 193L  |D67E* V108
M36l, M46l*, V771,
10BR_PEOO4 M89L M36l, V771, M89L
10BR_PE009 L10V, M36l, L89M  |L10V, M36I, L8IM [F77L*, M1841* M230I*
K20R, D30N, M36l, |K20R, D30N, M36l, M41L, L210W,
10BR_PEO14 162V, A71V, N88D  |I62V, A71V, N88D [MA41L, L210W [T215E L100l, K103N | L100I, K103N
M36l1*, 162V, L63P,
10BR_PE019 193L 162V, L63P, 193L  [F77L* K101E, V106l V106!
10BR_PEO21 G16E, M461*, 164V |G16E, 164V F77L*
L10V, M36l, 162V,  [L10V, M36lI, 162V,
10BR_PE030 L63P L63P V179D V179D
M36l, M46l*, 162V, |M36l, 162V, L63P,
10BR_PEO31 L63P, V771, I193L V771, 193L Y1811, M230I*
10BR_PEO33 M361*, V771,193L  |G16E, V771,193L  [F77L*, M184l*
10BR_PEO38 |M36I, 193L M36l, 193L K101E, E138K | K101E, E138K
10BR_PE040 |M36L, 162V, L63P |M36L, 162V, L63P |F77L* T69N

Pessoa et al. PLOS ONE | September 27, 2017




Usefulness of archived mutations detection

= To plan drug switches for toxicity,
intolerance

= To Simplify therapy in suppressed HIV-
1 infected patients

= |n the case of lacking information
about previous antiretrovirals
treatment
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J Antimicrob Chemother 2011; 66: 709-712 Ant|
doi:10.1093/jac/dkq544 Advance Access publication 26 January 2011 Che

Historical HIV-RNA resistance test results are more inforn
proviral DNA genotyping in cases of suppressed or residu

Marc Wirden12* Cathia Soulie 12, Marc-Antoine Valantin23, Slim Fouratil2, Anne Simon*, Sidoni
Manuela Bonmarchand?, Cyril Clavel-Osorio 23, Anne-Genevieve Marcelin1.2, Christine Ka
Vincent Calvez 12



Percentage distribution of patients as function of the discordance or concordance

between the DNA genotype and the entire history of plasma RNA results
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Journal of Clinical Virology 82 (2016) 94-100

Contents lists available at ScienceDirect

Journal of Clinical Virology

journal homepage: www.elsevier.com/locate/jcv

Genotypic resistance test in proviral DNA can identify resistance
mutations never detected in historical genotypic test in patients \
low level or undetectable HIV-RNA™

Mauro Zaccarelli®!, Maria Mercedes Santoro®*!, Daniele Armenia®, Vanni Borghi*®
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Usefulness of an HIV DNA resistance genotypic test in pat
candidates for a switch to the rilpivirine/emtricitabine
disoproxil fumarate combination



Prevalence of resistance mutations to rilpivirine/emtricitabine/tenofovir

disoproxil fumarate in RNA and in DNA
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Fernandez-Caballero et al. BMC Infectious Diseases (2016) 16:197

DOI 10.1186/512879-016-1545-8 BMC Infectious Diseases

Usefulness of Integrase resistance testing in L
proviral HIV-1 DNA in patients with
Raltegravir prior failure

' . 1,2* ; 1 ‘ 1 . e i ...
Jose Angel Femandez-Caballero ™, Natalia Chueca', Marta Alvarez', Maria Dolores Mérida ', Josefa Lopez,
José Antonio Sanchez'. David Vinuesa'. Maria Anaeles Martinez'. José Hemandez' and Federico Garcia’



Primary and secondary resistance mutations in the Integrase
by Sanger population sequencing

Patient Major resistance Accesory Polymorphism mutation
mutation mutation

1F N155H _ C56S, E8SEG, L1011, S119P,
11221, H171Q, K173EK

1A N155H . C56S, L1011, S119P, T122,
H171Q

2F N155H . M50I, L68R, V711, L101l,
S119P, H171Q

2A N155H . M50I, V711, P9OPS, L101I,
S119P

3F . L74l E96D, K111T, K160KT

3A . L741 E96D, K111T, G123RS

4F . G163GR L1011, 1113V, G134E, V150AV

4A o G163GR M50IM, L1011, 1113V, V150A

5F . L74IM M50V, V72I, K103R, K111T,
A1247

5A . L741 M50V, V721, K103R, K111T

6F N155H T97A D55Y, V721, K111T, 1113V,
S119R, G123S, A124N, T125A

6A . _ V721, K111T, 1113V, ST19R,
G123S, A124N, T125A

6 UDS NI155H (9.77 %) T97A (1242 %) V721(37.44 %), Y99C(4.65 %),
T1221(12.56 %), K156N(1435 %),
E157A(15.35 %), K111T(3953
%), 1113V(29.3 %), S119R(3744
%), G1235(9721 %), A124N
(4326 %), T125A(4558 %)

7F N155H V151l 1113V, S119P, T1221, A124N,
C130Y

7A N155H V151l G52P, S119PR, T1221, 1161X

Fernandez-Caballero et al. BMC Infectious
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J Antimicrob Chemother 2017: 72: 855-865

Pre-existent NRTI and NNRTI resistance impacts on ma

virological suppression in HIV-1-infected patients whe
tenofovir/emtricitabine/rilpivirine single-tablet r

D. Armenia't, D. Di Carlo't, A. Calcagno?, G. Vendemiati?, F. Forbici®, A. Bertolil, G. B
F Cnntlnenzu "J Fedele?, R. Bellugumhu S Clcullnl , A Ammussurl R. Libertone®
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Predictive Value of Provirus Load and ]
Human Immunodeficiency Virus Geno
for Successtul Abacavir-Based Simplifiec

JID 2003:187 (1 January) e Pelleg



Abilities of baseline virological parameters to predict virological

outcome after switching from 2 NNRTI+s 1 Pl to NRTI plus ABC

Statistical ana
Univariate
Success, Success SuUCCess Vs
Virologic outcome in ABC group (n = 49) failure, blip wvs. failure failure + bilif
Parameters success (n = 22) Failure (h = 17} Blip (n = 10) P P OR {95% CI)
Sex, M:F 3:19 3:14 1:9 1.00 1.00 0.99 (0.1-8.4)
Age in yearsb 40 [36, 46] 42 [39, 49] 45 [42, b4] A2 45 099 (0.1-8.4)
Baseline CD4~ cell count, EEIISI;,:Lb 622 [339, 7401 578 [331, 686] 393 [325, 616] A2 65
Baseline DNA proviral load® 2.21[2.0, 2.6] 28124, 3.2 29123, 3.1] 0012 0023 0.1 {0.02-0.5)
Duration of virus suppression, months® 36 [29, 40] 38 [28, 44] .88 B8
Treatment history®
1 Previous ART regimen 18 (82) 8 (47) 6 (60) 08¢ 04 3.25 (0.6-16.3)
=Previods-digs Hor {661 B4 440 — 1
Previous monaotherapy andfor dual therapy 1(4.5) 6 (35.3) 2 (20) 03
Baseline PEMC DMNA sequences
RT mutatiunsfsequencef 0.21 {0-2) 1.2 {0-5) 0.5 {0-3) 03 0087
ABC-resistance mutations® .08 04 0.19 (0.0-1.1)
WT mutations 18 (82) 8 (47 8 (80)
1-3 4 (18] 7 i41) 2 (20)

Pellegrin et Al JID 2003



Characteristics of patients experiencing virologic

failure

Mutations in

HAART UUS HIV-1 HIV-1 DNA BT : Virologic
Age  Duration HAART HIV-1 RNA RNA® Copies/10° PECRIEN INA Failure
1D {(vrs) (mo) Regimen CD4/pl Copies/mL Copies/mL PBMC RT PR (Time)
M147 51 il AZT/3TC/NFV 363 <50 2.8 10 MI184V — month 18
M208 40 32 AZT/3TC/NVP 576 <350 ND ND M184V, V1I18I, — month 3
KI103N
M274 37 21 AZT/3TC/NVP 1098 =50 2.5 f50 VI08] - month 15
F186 33 19 AZT/3TC/NVP 392 <50 | ND V1081 — month 24
M133 36 33 AZT/3TC/EFV 399 <350 21 103 — — month 12

AZT, azidothymiding; 3TC, lamivudine; EFV, Efavirenz; NFV, Nelfinavir, NVE Nevirapine, ND, not determined; PBMC, penpheral blood mononuclear cells; PR, protease;
RT, reverse transcriptase; UUS, ulra-ulirasensitive assay.
*HIV-1 RNA by an ultra-ultrasensitive assay (limit of detection, 2.5 copies/mL).

Palmisano et al. J AIDS 2009
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RESEARCH ARTICLE

HIV Drug Resistance Mutations in Pr
DNA from a Community Treatment

Anne Derache'*, Hyoung-Shik Shin®, Maya Balamane’, Elizabeth White
Dennis Israelski', Jeffrey D. Klausner®, Alexandra H. Freeman®, David K

1 Stanford University, Infectious Diseases Department /Medical School, Stanford, Cali

In assigning clinical significance to DRM in PBMC, the study is limited t
modern suppressive regimens with relatively small numbers with virologic |

P BN S

who developed virologic failure 4/11 (36%) was similar to DRM found amo

mained suppressed, 17/68 (25%), suggesting that DRM in PBMC are not th

PLOS ONE | DOE10.1371/journal.pone.0117430 January 30, 2015



e = HIV Clinical Trials
g Clinical Outcomes of Virologically-Suppre
; ‘Patients with Pre-existing HIV-1 Drug Res
i Mutations Switching to Rilpivirine/Emtric
Tenofovir Disoproxil Fumarate in the SPIF

Danielle P. Porter, Jonathan Toma, Yuping Tan, Owen Solberg,

Results: Drug resistance mutations in protease or reverse transcriptase were detected in
historical RNA genotype and in 68.6% by proviral DNA genotyping at baseline. Proviral DNA
89% of occurrences of NRTI and NNRTI resistance-associated mutations reported by
Mutations potentially affecting RPV activity, including E138A/G/K/Q, Y181C, and H22
isolates from 11 patients by one or both assays. None of the patients with single mutant
through Week 48. One patient with pre-existing Y181Y/C and M184l by proviral DNA ger
virologic failure. Nineteen patients with K103N present by historical genotype were confir
sequencing and 18/19 remained virologically-suppressed.

Discussion: Virologic success rates were high among virologically-suppressed patients v
and NMNRTI racietanra_acenciatad mi tatinne wihn ewniterhad ta BODV/ETOCV/TNE in tha QSODIAITT
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Analysis of intracellular human

immunodeficiency virus (HIV)-1 dr
resistance mutations in multi-failed
infected patients treated with a sal

F. Falasca"*, C. Huntagna"*, P. Haida', M. Bucc

Patients Number of previous ARVs used

i \
CLIMRCAL MICROBSOLOGY

AND INFECTION

NMumber
included

5 Pls, 6§ NRTIs, NNRTI, T20

I

2 6 Pls, NNRTI, 7 NRTIs

3 6 Pls, 6 NRTIs, 2 NNRTIs, T-20

4 6 Pls, 6 NRTls, 2 NNRTIs, T-20

5 3 Pls, 4 NRTIs

6 5 Pls, &6 NRTIls, NNRTI, T-20

7 4 Pls, NNRTIL, 5 NRTIs, T-20

8 4 Pls, 6§ NRTIs, 2 NNRTIs, T-20
9 6 Pls, 6 NRTIs, T-20
10 6 Pls, 6 NRTIs, 2 NNRTIs
I 6 Pls, 8 NRTIls, 2 NNRTIs, T-20
12 4 Pls, 2 NNRTIs, 6 NRTIs
13 5 Pls, 2 NNRTIs, 6 NRTIs, T-20
14 6 Pls, NNRTIL, 7 NRTIs, T-20
15 5 Pls, NNRTI, & NRTIs, T-20
6 5 Pls, NNRTI, 4 NRTIs, T-20
17 5 Pls, 2 NNRTIs, 6 NRTIs, T-20

I8 6 Pls, 6 NRTls, 2 NNRTIs, T-20



Analysis of intracellular human

immunodeficiency virus (HIV)-1 dr
resistance mutations in multi-failec
infected patients treated with a sal

F. Falasca'', C. Montagna'', P. Maida', M. Buc«

Emcbmccm=t2 1| Bllmcmmcmennl ™ Acimn izl 3™

The human immunodeficiency virus (HIV) mutation:
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B.A. HIV+ 1986
PLASMA 2013

T69N, K70R, L74V, Y115F, Y181l,
M184V, H208Y, T215V, K219E, H221Y

ABCddl 3TC/FTC TDF
NVP RPV

V32l, L33F, M36L, M4é6l, 147V, 154M,
Q58E, A71V, G73S, L89V, LI0OM

ATV ATV/r DRV/r FPV FPV/rIDV
IDV/r LPV LPV/r NFV

Dec 2015
PLASMA

T69N, K70R, L74V, Y115F, Y181l, M184V,
H208Y, T215V, K219E, H221Y

ABCddl 3TC/FTC TDF
NVP RPV

V32I, L33F, M36L, M46l, 147V, 154M,
Q58E, A71V, G73S, L89V, LO0OM

ATV ATV/r DRV/r FPV FPV/rIDV IDV/r
LPV LPV/r NFV

No mutations

RAL EVG DTG

PLASMA/PBMCs
Feb2015

M41L, T69N, K70R, H208Y, T215V, K219E

ABC ddl 3TC/FTC D4t AZT
EFV ETR NVP RPV

l Feb 2015
VL
m—) 2651

cp/mL

Sept 2016
VL TND

V32l, L33F, M36L, M46l, 147V, 154M,
Q58E, A71V, G73S, L89V, L90M

ATV ATV/r DRV/r FPV FPV/r IDV IDV/r
LPV LPV/r NFV

E138A, G140S, Q148H

RAL EVG DTG
Sep 2016
PBMCs

-

CART

NVP RPV

ABCddl 3TC/FTC TDF

T69N, K70R, L74V, Y115F, Y181l, M184vV,
H208Y, T215V, K219E, H221Y

LPV LPV/r NFV

V32l, L33F, M36L, M4él, 147V, 154M,
Q58E, A71V, G73S, L89V, L90M

ATV ATV/r DRV/r FPV FPV/rIDV IDV/r

RAL EVG DTG

E138A, G140S, Q148H

Dic 2015

VL
2430
cp/mL




Archived viral resistant variants

REPLICATION COMPETENT or DEFECTIVE GENOME

viral outgrowth assay should be performed to better
characterized the archived resistant viral varints



CONCLUSIONS

<+ The clinical significance of proviral resistance is not fully defined

< Proviral DNA genotyping may provide value as an additional
source of information on the total burden of drug resistance
present in virologically- suppressed patients, particularly for those
who lack a historical RNA genotype and/or have a complex
treatment history.

< In ‘difficult patients’ archived DRMs in DNA should not limit the
use of new generation drugs as a salvage-treatment option

< Further studies of proviral DNA sequences and sequences
analysis in monitoring ART are warranted




