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Estimated timeline of global evolution and spread of HIV types,
groups, and subtypes

M-B western Europe late 1970s/1980s Thailand ~1980s

M-B USA 1972/~1970s

M-F Argentina 1991

M-CRFO1 AE (A)

Congo river basin

HIV-1 variants are continually introduced into new populations by mobility and migration
Lancet Infectious Diseases. 2011; 11:45-56.
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Efficacy of Once-daily Regimens

based on controlled trials (48 weeks results, NS=F)
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Permpalung N, Putcharoen O, Avihingsanon A, Ruxrungtham K. Expert Opin. Pharmacother. (2012) Early Online:1-17




Virological outcomes with specific antiretroviral
drugs across different HIV-1 subtype

LPV

DRV

RAL

ECHO, THRIVE

ARTEMIS

ARTEMIS

STARTMARK

30% non-B subtypes
11% subtype C

42% non-B subtypes
14% subtype C

39% non-B subtypes
11% subtype C

19% non-B subtypes
7% subtype C

84 % subtype B
86% non-B subtypes

78% subtype B
78-82% non-B subtypes

84% subtype B
87-88% non-B subtypes

89% subtype B
95% non-B subtypes

Adapted from Curr Opin Virol 2012;2(5): 636-643



Dichotomous Pathways in the Evolution of TAMs

Zidovudine or Stavudine

Subtype B

215Y
210W

215Y # 70R
7/ \

d4T resistance

More NRTI cross-resistance
More TDF resistance (esp. 215Y)

Novitsky V, et al. AIDS Res Hum Retroviruses. 2007; 23:868-78.

Clavel F and Hance AJ. HIV Drug Resistanc. N Engl ] Med 2004; 350:1023-35.

Subtype non-B

CRFO1 AE

Subtype C: a
mixed TAM1/2
pathway

70R
219Q/E TAM-2

Lower-level AZT and
d4T resistance

Less NRTI cross-resistance

Not resist to TDF




Resistance profiles in NNRTI-based failure
Higher VL (>4 log) was associated with more TAMs, MDR and K65R
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Development of K65R in subtype C

A Template-Dependent Dislocation Mechanism Potentiates K65R
Reverse Transcriptase Mutation Development in Subtype C Variants
of HIV-1

Subtype B Reverse Transcription Process

(-)ssDNA Synthesis
5’..GCC AUA AAG AAA AAA GAC AGU
3’..CGG TAT TTC TTT TTT CTG TCA

(+)dsDNA Synthesis l’
5'..ACT GTC TTT TTT CTT TAT GGC
3’..TGA CAG AAA AAA GAA ATA CCG

!

5’..GCC ATA AAG AAA AAA GAC AGT
62 63 64 65 66 67 68
A I K K K D s
Wild-Type
or
5’..GCC ATA AAG AGA AAA GAC AGT

62 63 64 65 66 67 68
A I K R K D S

K65R

Subtype C Reverse Transcription Process

(-)ssDNA Synthesis

ee=3'5"..
«e=573"..

GCA AUA AAA AAG AAA GAC AGU..-3’

CGT TAT TTT TTC TTT CTG TCA..-5'
-— et

(+)dsDNA Synthesis l

«e=3'5"..
«e=573"..

ee=3’5"..

se=3'5"..

ACT GTC TTT CTT TTT TAT TGC..-3'

TGA CAG AAA GAA AAA ATA ACG..-5"'
e —

!

GCA ATA AAA AAG AAA GAC AGT..-3'
62 63 64 65 66 67 68
A I K K K D s
Wild-Type
or
GCA ATA AAA AGG AAA GAC AGT..-3'

62 63 64 65 66 67 68
A i K R K D S
K65R

@ PLoS ONE | www.plosone.org
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K65R Production with Subtype B and C Templates

p <0.05 - Subtype C Template
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Time [min]

C

<«— CAGAAATACCGTTTCAGGG-5
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Subtype B 1IMM2 primer

5’ -AGTACTGTCTTTTTTCTTTATGGCAAAGTCCCCCCTTTTCTTTTAA-3 " Subtype B ssDNA template

67|66|65]64]63

G

<4 “AAAAATATCGTTTCAGGG-5'

Subtype C 1IMM2 primer

5’ -AGTACTGTCTTTCITTTTTATAGCAAAGTCCCCCCTTTTCTTTTAA-3" Subtype C ssDNA template

67|66| 65| 64|63

May 2011 | Volume 6 | Issue 5 | e20208



High rate of K65R for ART naive patients with subtype C
HIV infection failing a TDF-containing first-line regimen in
South Africa

= Very high rates (>65%) of K65R for patients failing TDF-based first-line
regimens at McCord hospital with few additional NRTI mutations compared to
subtype B. These rates may reflect faster in vivo selection, longer time on a
failing regimen, or transmitted DR.

AIDS. 2012 August 24; 26(13): 1679-1684.

No Evidence That HIV-1 Subtype C Infection
Compromises the Efficacy of Tenofovir-Containing
Regimens: Cohort Study in the United Kingdom

Ellen White,' Erasmus Smit,’ Duncan Churchill,” Simon Collins,’ Clare Booth,” Anna Tostevin,' Caroline Sabin.” Deenan Pillay,*® and David T. Dunn’;
on behalf of the UK HIV Drug Resistance Database and UK Collaborative HIV Cohort Study

"MRC Clinical Trials Unit at UCL, “Department of Infection and Population Health, Division of Infection and Immunity, University College London, *HIV i-Base, *Health Service Laboratories, Royal Free
Hospital, London, ®Public Health England, Birmingham Heartlands Hospital, and "Brighton and Sussex Hospitals NHS Trust, United Kingdom; and Africa Centre for Population Health, University of

KwaZulu-Natal, Durban, South Africa

J Infect Dis. 2016 Nov 1; 214(9): 1302-1308.



Drug resistance mutations between HIV-1 subtypes and CRFs and impact on
antiretroviral drug resistance and susceptibility

K65R Subtype C — AAG (K); subtype B — AAA (K): preferential pausing of reverse An;'V'fs' Cher:nlstry o1
transcription, related to homopolymeric stretch of adenine bases U1 Cheme el gy A0NC:

20:117-131.
E138K E138K the first mutation to emerge in subtype C during ETR therapy Antimicrobial Agents and
Chemotherapy. 2011; 55:600—
607
Y181C Preferential selection of Y181C for subtype A and B during etravirine therapy Antimicrobial Agents and
Chemotherapy. 2010; 54:4812—
4824
N348lI Reduces susceptibility to etravirine in subtypes A, B and C. High prevalence in éﬂ“mictfﬁbia' Agzegisl agg 1806
. - . . emotherapy. ; 55: —
subtype C samples from patients failing first-generation NNRTIs 1809,
PR G17E CRF2_AG hypersusceptibility to nelfinavir, atazanavir and indinavir Antimicrobial Agents and

Chemotherapy. 2012,
56:2719-2725

M36I Subtype C — ATA (I); subtype B — ATG (M): affects susceptibility to protease Antimicrobial Agents and

R , . : Chemotherapy. 2010; 54:2878-
inhibitors and viral replication capacity 5385 i

164M CRF2_AG hypersusceptibility to nelfinavir, atazanavir and indinavir Antimicrobial Agents and
- Chemotherapy. 2012;

56:2719-2725

M89T Subtype C — ATG (M); subtype B — CTG (L): leads to preferential emergence of Journal of Antimicrobial

. Chemotherapy. 2012; 67:988—
M89T in subtype C 994,



Drug resistance mutations between HIV-1 subtypes and CRFs and impact on
antiretroviral drug resistance and susceptibility

E92Q E92Q/N155H double mutant 10-fold more resistant to raltegravir and elvitegravir in  AIDS. 2010; 24:2171-2179
subtype B versus subtype C

L101| Present more frequently in non-B subtypes compared to subtype B (both INI-naive An_tiviral Research. 2011;
and RAL-experienced) 90:164-167.
G118R Most common resistance pathway during dolutegravir therapy in subtype C Journal of Virology. 2010;

84:9210-9216

T124A Present more frequently in INI-naive non-B subtypes compared to subtype B gg_tilvg;a' Ee;seamh- 2011;

N155H Subtype B with this mutation more resistant to raltegravir (and elvitegravir) than AIDS. 2010; 24:2171-2179.
subtype C

R263K Most common resistance pathway during dolutegravir therapy in subtype B Journal of Virology. 2012;

86:2696-2705.



Impact of genotypic diversity on selection of subtype-specific drug profiles during
RAL-based therapy in individuals infected with B and BF recombinant HIV-1 strains

J Antimicrob Chemother 2020; 75: 1567-1574
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Resistance pathway during DTG therapy

Isolation of R263K mutant viruses with DTG in subtype B

Subtype B »

Week 20 Week 37

» R263K

R263K

Subtype A/G R263K, » R263K
G118R

G118R H51Y

Subtype C »

Serial passage experiments with CBMCs infected with subtype B, A/G, and C HIV-1 viruses
in the presence of increasing concentrations of DTG

J Virol. 2012 Mar;86(5):2696-705.



INSTI for

treatment-

naive
patients

Resistance Emergent Emergent
Clinical Analysis INSTI Other
INSTI . Treatment Group . . .
Trial Population; Resistance; Resistance;
n (%) * n (%) n (%)
FAT (BID) +
STARTMRE FTEI:.-]?ID]:! 9 (3.2%) 4(1.4%) 3(1.1%)
EFV + FTC/TDF 7 (2.5%) na 3(1.1%)
RAL (QD) + FTC/TDF 30(7.9%) 9 (2.4%) 20 (5.2%)
DMEK RAL (BID) +
Q FTEK.-]?ID]:! 16 (4.1%) 2 (0.5%) 6(1.5%)
GS-US-236- EVG/COBLFTC/TDF 14 (4.0% 7(2.0%) 8(2.3%)
0102 EFV/FTC/TDF 17 (4.8% na 8(2.3%)
d GS.US.236 EVG/COBLFTC/TDF 12 (3.4% 4(1.1%) 4(1.1%)
T ATV +RTV +
0103 FTC/TDE 8(2.3%) 0 0

DTG + [FTC/TDF or
ABC/3TC]

20 (4.9%

RAL + [FTC/TDF or
ABC/3TC]

28 (6.8%)

4(1.0%)

DTG+ ABC/3TC

18 (4.3%

0

EFV/FTC/TDF

17 (4.1%

4(1.0%)

DTG + [FTC/TDF or
ABC/3TC]

2 (0.8%)

0

DRV +RTV +
[FTC/TDF or
ABC/3TC]

2 (0.8%)




Resistance to DTG In treatment-naive patients

Clinical Infectious Diseases

BRIEF REPORT

Clinical Infectious Diseases® 2018:67(5):791-4

Emergence of Integrase Resistance
Mutations During Initial Therapy
Containing Dolutegravir

Patient’s profile:
Ol: PCP
VL= 1970 000 copies/mL
CD4=78/uL (12% )
Backbone: TDF/FTC
Genotype Frequencies (%) at Each Time Point

Genotypea Time Point A TimePointB Time PointC
Wild type 98.9 58.3 76.3
Q148K 0.0 0.0 209
1151V-G163E 0.0 345 1.2
Silent mutations 0.3 0.9 0.2
151V 0.0 2.7 0.2
G163E 0.0 1.9 0.1

aGenotypes present at any time point at frequency >0.5%

A

HIV RNA, copies/mL

Initiated TDF/FTC/DTG
Genotype (clinical assay)
RT: W11El, F214L
IN: Mot tested

IM: G163E

Added r/DRV
Genotype (clinical assay)
AT: M1B4AV, V118l F214L

l Deep sequencing 1N
A:No mutations =0.5%
Br 1151V-G163E 34.5%
C: Q148K 20.9%, 1151V-G163E 1.2%

Time point A Time point B

Time, d

o
00 g
o
1
00 o
=)
c
0o =
2]
200 =
=
] .3
80 100
B Wild type
B Q148K

Time point C

E 1M51V-G163E

B Silent mutations
0 ns1v

[0 G163E



Resistance to DTG In treatment-naive patients

Failure of Dolutegravir First-Line ART with Selection of Virus
Carrying R263K and G118R

Patient’s profile:

Ol: TB on rifampicin with IRIS
VL= 1 400 000 copies/mL
HIV-1 subtype F

CD4=22/uL (12% )

Backbone: TDF/FTC

M ENMGL | MED 331;9 ME|M.ORG AUGUST 259, 2019

H+RFE+E+Z H+RFBE+E H+REFE
TB Therapy
FTC+TDF+DTG FTC+TDF+RPV+DRV/r
ART
1075 " Misay - [Misav 500
l R263K G118R, R263K
_ 10+ | 400
7 %1 v R263K and G118R
= load CD4 cell ~300
i 10% count
E . . A oo
E 10°4{LOD \ . »
1{]1_
100 I I I I I I I I I I 0
0 5 10 15 20 25 30 35 40 45 50
Weeks
Resistance Analysis
Mutaton wk0 — wk3  wk3  wkll  wkl5 Wk22  wk27  wk35  wk36
%
MgV 017 0.2 858 95 3.1 98.6 ND 994 99.6
M134| 0.09 0.07 136 29 0.0 0.0 ND 0.0 0.0
GII8R 001 0.00 0.0 40 2130 0.0 0.0 N7 45.2
R263K 0.00 0.00 hd.1 819 69.8 99.4 99.2 £9.2 304

Weeks

CD4 Cell Count (cellsfmm?)



Resistance to DTG In treatment-naive patients

Open Forum Infectious Diseases

Virological Failure in HIV to Triple
Therapy With Dolutegravir-Based
Firstline Treatment: Rare but Possible

TDF/FTC — 8 I'DF/FTC - w4 I'DF/DRVe

6 DTG BID DTG QD RPV - 300
5 - -
(@]

e ®
- Staphylococcal infectio =
£ 3- w8 at the surgical site - S
9 DTG: 401 ng/mL. DTG: 696 2
S D - RFP: 386 ng/mL ng/mL - 100
@

Patient’s profile:
1 -’/‘\I/ - Ol: PCP

Norwegian scabies

0 wi wl2 wl4 wl8 w22 w30 w4 VL= 457 000 copies/mL
Deep  WT MI184l  MI84l (42%) MI1841(14%) K70E (8%) NA ND ND CRF14_BG
Sequencing (40%) M184V (57%) M 184V (85%) M 184l (6%) _ o
E157Q (4%) E157Q (8%) MI184V (45%) CD4-42/P-|- (12A’ )
R263K (97%) R263K (98%) E157Q (20%) Backbone: TDF/FTC

R263K (98%)



DTG failure in treatment-naive
patients

*Very rare but possible

= Risk
= Advanced HIV infection (low CD4 and high HIV RNA)
= Concurrent Ol

» Use of rifamycin?
= Non-subtype B HIV-1

" Likely DR mutation in case report:
* INSTI DR: R263K E158Q G118R Q148K 1151V G163E
» Backbone (TDF/FTC): M184V




Summary

 The diversity HIV has given rise to multiple subtypes
and recombinant strains

- The majority of research into antiretroviral agents
and drug resistance has been performed on subtype
B viruses, yet non-subtype B strains are responsible
for 90% of global infections

- Response to ART in treatment-naive patients are the
same in all subtypes

* There is emerging evidence of subtype differences in
drug resistance, relevant to antiretroviral strategies
in different parts of the worlid
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