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HIV-1 Transmission Model
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Can we identify the transmitted virus and its biological and antigenic properties?



Study Design

e Single genome amplification (SGA) of
plasma viral RNA from 96 acutely infected
subtype B patients

e Subjects classified by Fiebig Stage based
on their vRNA and antibody status.

— Fiebig | (vVRNA positive): 1%
— Fiebig Il (vRNA and antigen positive/antibody negative): 51%
— Fiebig lll (ELISA pos/Wb neg): 17%
— Fiebig IV (ELISA pos/Wb +/-): 8%
— Fiebig V (Wb pos/p32 neq): 23%
— Fiebig VI (Wb pos/p32 pos): 2%

(Keele et al, Abstract OA07-02, Thursday 10:30 am Session 7)



Study Design (cont’d)

* Average number of env sequences per individual
was 27 (range 10 — 62) derived from a single
timepoints or serially.

e 2,590 complete env seguences analyzed.

* Analysis of within patient viral evolution done by
visual inspection of nucleotide sequence
alignments, phylogenetic tree construction,
bioinformatics, and mathematical modeling.
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Productive Infection with Two Viruses
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Model Predictions of Envelope Quasispecies Diversity
Following Infection

Assumptions:
Generation time: 2 days
RT error rate: ~2 x 10°
(1 in 20 envs with 1 bp
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Hypothesis: The identical (consensus) plasma viral env
sequences determined experimentally 14-42 days after infection
represent the actual transmitted virus Env



Early Env Diversification in Subject SUMA Between Feibig Stage Il and V
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HIV-1 Transmission Model
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Conclusion: We can identify the transmitted virus Env and distinguish it from escape mutants



Can we use SGA to identify the
transmitted full-length viral
genome ... Yes

Salazar et al, Abstract P12-08



WITO 4160 - Whole genome amplification
of a transmitted virus
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Transmitted Viral Proteome: WITO 4160

GAG
MGARASVLSGGELDRWEKIRLRPGGKKKYQLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEELKSLFNTVATLYCVHQKIDVKDTKEALDRIEEEQNKSKIKAQQAAADTGSS
SQVSQNYPIVONLQGQMVHQAISPRTLNAWVKVVEEKAFSPEVIPMFSALAEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWDRLHPIHAGPIAPGQMREPRGSDIAGTTSTLQEQIGW
MTNNPPIPVGEIYKRWIILGLNKIVRMYSPVSILDIRQGPKEPFRDYVDRFYKTLRAEQASQDVKNWMTETLLVQNANPDCKTILKALGPAATLEEMMTACQGVGGPGHKARVLAEAMSQATNST
AIMMQRGNFRTQRKPVKCFNCGKEGHIARNCRAPRKKGCWKCGKEGHQMKDCTERQANFLGKIWPSHKGRPGNFLQSRPEPTAPTAPPEESFRFGEETTTPPQKQETIDKEKYPLASLRSLF
GNDPLSQ$

POL
FFRENLAFPQGKAREFPSEQTRANSPNSPTGGELQVWGRDNNSPSEAGDNRQGEVSFGFPQITLWQRPLVAIKIGGQLKEALLDTGADDTVLEEMNLPGRWKPKMIGGIGGFIKVRQYDQIPIEI
CGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNFPISPIETVPVKLKPGMDGPKVKQWPLTEEKIKALVEICTEMEKEGKISKIGPENPYNTPVFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPH
PAGLKKKKSVTVLDVGDAYFSVPLDKDFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPAIFQCSMTKILEPFRKQNPDIVIYQYMDDLYVGSDLEIGQHRTKIEELRQHLLRWGFTTPDKKHQK
EPPFLWMGYELHPDKWTVQPIVLPDKDSWTVNDIQKLVGKLNWASQIYAGIKVKQLCKLLRGAKSLTEVIPLTEEAELELAENREILKEPVHGVYYDPSKDLVAEIQKQGQGQWTYQIYQEPFKNL
KTGKYARMRGAHTNDVKQLTEAVQKITTESIVIWGKTPKFKLPIQKETWEAWWMEYWQATWIPEWEFVNTPPLVKLWYQLEKEPITGAETFYVDGAANRETKLGKAGYVTDRGRQKVVSLADTT
NQKTELQAIHLALQDSGSEVNIVTDSQYALGIIQAQPDKSESEVVNQIIEQLIQKERVYLAWVPAHKGIGGNEQVDKLVSTGIRKVLFLDGIDKAQEEHEKYHNNWRAMASDFNLPPVVAKEIVASC
DKCQLKGEAIHGQVDCSPGIWQLDCTHLEGKIILVAVHVASGYIEAEVIPAETGQETAYFILKLAGRWPVKTIHTDNGSNFTSNTVKAACWWAGIKQEFGIPYNPQSQGVVESMNNELKKIIGQVRD
QAEHLKTAVQMAVFIHNFKRKGGIGGYSAGERIVDIIATDIQTKELQKQITKIQNFRVYYRDSRDPLWKGPAKLLWKGEGAVVIQDNSEIKVVPRRKAKIIRDYGKQMAGDDCVAGRQDEDS$

VIF

MENRWQVMIVWQVDRMRIRAWNSLVKHHMYISKKAAGWFYRHHYESQHPKISSEVHIPIGEARLVITTYWGLNTGERDWHLGQGVSIEWRKKKYSTQVDPDLADQLIHLYYFDCFSESAIRNTIL
GHRVSPRCEYQAGHNKVGSLQYLALTALIKPKKRKPPLPSVAKLTEDRWNKPQRTKGRRGSHTMNGH$

VPR
MEQAPEDQGSQREPYNEWTLELLEELKSEAVRHFPRVWLHNLGQYIYETYGDTWAGVEAIIRILQQLLFIHFRIGCQHSRIGIIRQRRTRNGASRSS$

VPU
MQPLEILAVVALVVALILAIVVWTIVYIEYRKIQKQKKIDRLIDRIRERAEDSGNESDGDQEELSALVEMGHHAPWDVNDES$

TAT
MEPVDPRLEPWKHPGSQPKTPCNNCYCKKCCFHCQVCFTKKGLGISYGRKKRSQRRRTPNDSQDHQASLSKQPASQTRGDPTGQKKQKEKVERETETDPHD$

REV
MAGRSGVSDEELLTTVRIIKLLYQSNPPPKPEGTRQARRNRRRRWRERQRQIRTISERILSNHLGRSAEPVPLQLPPLERLTLDCSEGCGDSGTQGVGNPQILVESPEVLESGTKES

ENV
MKVMGTKKNYQHLWRWGIMLLGMLMMSSAAEQLWVTVYYGVPVWREANTTLFCASDAKAYDTEVHNVWATHACVPTDPNPQEVVMGNVTEDFNMWKNNMVEQMHEDIISLWDQSLKPCVK
LTPLCVTLHCTNVTISSTNGSTANVTMREEMKNCSFNTTTVIRDKIQKEYALFYKLDIVPIEGKNTNTSYRLINCNTSVITQACPKVSFEPIPIHYCAPAGFAILKCNNKTEFNGKGPCRNVSTVQCTHGI
KPVVSTQLLLNGSLAEEDIIIRSENFTNNGKNIIVQLKEPVKINCTRPGNNTRRSINIGPGRAFYATGAIIGDIRKAHCNISTEQWNNTLTQIVDKLREQFGNKTIFNQSSGGDPEVVMHTFNCGGEFF
YCNSTQLFNSTWFNNGTSTWNSTADNITLPCRIKQVINMWQEVGKAMYAPPIRGQIDCSSNITGLILTRDGGSNSSQNETFRPGGGNMKDNWRSELYKYKVVKIEPLGIAPTRAKRRVVQREKRA
VTLGAVFLGFLGAAGSTMGAASLTLTVQARLLLSGIVQQQSNLLRAIEAQQHMLQLTVWGIKQLQARVLAIERYLKDQQLLGIWGCSGKLICTTTVPWNTSWSNKSYDYIWNNMTWMQWEREID
NYTGFIYTLIEESQNQQEKNELELLELDKWASLWNWFENITNWLWYIKLFIMIIGGLVGLRIVCAVLSIVNRVRQGYSPLSFQTRLPNPRGPDRPEETEGEGGERDRDRSARLVNGFLAIIWDDLRSL
CLFSYHRLRDLLLIVARVVEILGRRGWEILKYWWNLLKYWSQELKNSAVSLLNVTAIAVAEGTDRVIEIVQRAVRAILHIPTRIRQGFERALL$

NEF

MGGKWSKSWKIGWPTVRERMRRAEPEPAAVGVGAVSRDLERHGAVTSSNTATNNADSAWLEAQAQEEDNEVGFPVRPQVPVRPMTYKAAVDLSHFLKEKGGLDGLIYSQQRQDILDLWVYN
TQGFFPDWQNYTPGPGTRYPLTFGWCYKLVPVEPEEVEKANEGENNSLLHPMGLHGMDDPEKEVLMWKFDSRLAFHHMAREKHPEFYKDC$



What are the biological
properties and antigenic
characteristics of the
transmitted virus?



A pCDNA3.1-env

Entry Assay for HIV-1
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sCD4 HIVIG 17b 17b+sCD4  bi2 2G12 2F5 4E10 Z13e1 447-52D 447+sCD4 F425-B4e8 F425+sCD4 T-20 T-1249 antiCD4mab  TAK-779 coreceptor
Transmitted Envs nM ug/ml ug/mi ug/ml ug/ml ug/mi ug/mi ug/mi ug/mi ug/mi ug/mi ug/m| ug/mi ug/mi ug/ml ug/mi uM usage
BORI-dS 4F8 306 481 =10 =10 08 >50 >50 9.8 =50 >25 02 >10 17 0.04 0.02 0.1 0.03 RS
"ot 4D7 343 240 =10 >10 21 =50 =50 81 =50 =25 16 >10 =10 0.03 0.01 0.04 0.12 RS
"t 4F12 303 429 >10 >10 4.2 >50 >50 6.4 >50 >25 >25 >10 >10 0.11 0.03 0.1 0.02 RS
"o 2F8 =1000 346 >10 >10 54 =50 >50 18.5 =50 >25 17.2 >10 =10 0.04 0.01 0.08 0.04 RS
"o" 2E12 589 413 >10 >10 0.7 >50 >50 6.5 =50 >25 5.1 >10 10 017 0.01 0.08 0.01 RS
1051-12 C22 339 >1000 >10 >10 1 >50 9.8 n7 =50 >25 5.9 >10 =10 0.09 0.05 0.06 013 RS
"o TDI2 85 890 >10 >10 04 =50 5 20 =50 >25 18.8 >10 >10 0.08 0.04 0.09 0.1 RS
1006-11 C3 241 688 =10 >10 08 16 56 15 =50 >25 16 >10 7.9 0.16 0.05 0.05 0.06 RS
1053-07 D& 428 322 =10 >10 =50 45 9.1 7.3 =50 >25 16.6 >10 08 0.02 0.02 0.1 0.03 RS
1054-07 TC4 13 449 =10 >10 4.2 =50 =50 4.8 =50 >25 >25 >10 >10 0.07 0.03 0.1 0.05 RS
1056-10 TAT1 635 >1000 =10 >10 1.2 14.3 0.7 34 234 >25 >25 >10 >10 0.06 0.04 0.06 04 RS
1012-11 TC21 33 >1000 =10 >10 =50 10.9 1.7 5.8 36.2 >25 >25 >10 >10 0.03 0.02 0.09 0.15 RS
6240-08 TAS 478 >1000 =10 >10 =50 0.3 9.6 15.5 =50 >25 >25 >10 >10 0.09 0.03 0.06 0.14 RS
6244-13 BS 254 455 =10 >10 =50 26 =50 23 15.4 >25 >25 >10 >10 0.35 0.05 0.05 0.09 RS
62357-14 D3 83 655 =10 =10 47.8 18.3 5 87 335 >25 >25 =10 >10 0.04 0.02 02 0.03 RS
9021-14 B2 378 618 =10 =10 27 459 6.4 87 314 >25 >25 >10 =10 075 0.03 0.05 0.04 RS
9020-20 A13 217 44 =10 =10 309 16 06 14 =50 127 45 31 33 >5 0.03 0.05 0.13 RS
S5C51 4B2 122 32 =10 =10 0.1 27 0.2 08 5 >25 >25 >10 =10 0.15 0.01 0.1 0.13 RS
" 4G3 282 107 =10 =10 1.1 35 01 0.3 L] >25 >25 =10 =10 025 0.01 0.1 0.21 RS
TT29P 3A1 207 373 =10 =10 0.7 3B8 34 449 236 >25 >25 =10 >10 024 0.02 0.06 0.12 RS
TT31P 2G1 288 10 =10 =10 0.1 37 0.8 41 13.3 =25 =25 =10 =10 1.71 0.03 0.04 0.14 RS
" 2F10 246 N =10 =10 0.1 47 25 L] 28 >25 >25 =10 10 0.55 0.02 0.08 0.13 RS
WEAU-d15 4-10 72 507 =10 =10 12 0.3 0.8 11 =50 =25 >25 =10 =10 0.01 0.01 0.08 4.14 R5/X4
9014-01 TE1 >1000 >1000 =10 =10 7.6 =50 22 11 =50 =25 17.3 =10 10 0.08 0.02 0.06 0.54 RS
9015-07 A1 >1000 413 >10 >10 35 4 26 49 =50 =25 =25 >10 >10 0.03 0.03 0.08 0.19 RS
62615-03 P4 354 >1000 >10 >10 10.5 =50 =50 25 =50 >25 >25 >10 >10 0.02 0.03 0.14 on RS
63068-05 A1 >1000 565 >10 >10 18.2 5 7.9 15 >50 >25 26 >10 43 0.05 0.06 0.07 0.14 RS
700010040 C9 o7 441 >10 >10 0.7 =50 5.1 9 >50 >25 >25 >10 >10 0.04 0.03 017 0.03 RS
PRBY31-06 TC3 1000 440 >10 >10 227 14 72 209 >50 >25 14.5 >10 76 0.2 0.04 0.2 0.16 RS
PRB956-04 B20 152 426 >10 >10 1.7 25 18 5.1 >50 >25 49 >10 4 0.1 0.04 0.05 0.6 RS
sCz22 3c2 514 453 >10 >10 53 21 =50 5.8 >50 >25 >25 >10 >10 0.32 0.02 0.06 0.18 RS
SC33 4H1 61 339 >10 >10 06 29 18 32 50 25 8.2 43 93 1.03 on 0.1 0.53 RS
SC33 4A4 928 461 =10 =10 0.651 =50 26 29 308 =25 =25 =10 =10 015 0.03 0.05 0.2 RS
SC05 8Cc11 267 323 >10 >10 1.9 19.1 14 1.7 28 >25 >25 >10 >10 0.64 0.02 0.1 0.09 RS
SC45 4B5 268 209 >10 >10 0.7 7.4 0.8 32 50 >25 5.1 96 6.5 0.03 0.01 0.09 0.28 RS
1058-11 B1 298 642 >10 >10 3 =50 24 24 34 >25 >25 >10 >10 1.1 0.01 0.3 0.02 RS
1058-09 A4 201 55 =10 =10 1 1.4 0.3 B 22 =25 15.9 >10 6.5 0.02 0.0 013 0.09 RS
TT27P 8H1 1000 383 =10 >10 16 >50 07 15 =50 =25 >25 >10 >10 0.42 0.01 0.08 0.22 RS
" 8C2 188 496 =10 =10 0.643 =50 13 1.1 =50 =25 >25 >10 =10 0.04 0.0 0.08 0.24 RS
TT34P BC11 129 227 =10 =10 >50 85 21 25 20 =25 =25 =10 =10 0.45 0.02 0.15 0.05 RS
TT35P 11H8 643 228 =10 =10 >50 >50 18 35 30 >25 3 >10 >10 0.33 0.01 0.1 0.34 RS
63358-04 P3 538 1000 =10 =10 >50 =50 31 40 >50 =25 =25 =10 =10 0.04 0.04 0.05 0.03 RS
Control Envs
Yu-2 10 508 =10 =10 35 >50 24 25 =50 39 0.2 =10 07 0.27 0.08 0.28 0.029 RS
NL4.3 24 98 06 12 0.02 1.1 0.4 0.7 35 0.02 0.02 6.4 54 0.91 0.01 1.9 =10 x4
SC03C BAg 818 393 =10 =10 33 17 12 19 17.6 =25 =25 =10 =10 0.05 0.0 0.07 1.92 R5
SC02C 309 442 654 >10 =10 35 1.7 1.3 25 17.9 >25 >25 >10 =10 0.13 0.04 0.06 0.03 RS
MLV >1000 >1000 >10 =10 >50 >50 >50 >50 >50 >25 >25 >10 >10 >5 >5 =10 =10 /-

Total subjects = 34
Total Envs = 42

Results: Consensus env genes from 34 subjects were cloned, expressed, and tested for entry into JC53

bl-13 cells. All Env proteins were functional and utilized CCR5 for entry. Transmitted Envs exhibited
neutralization profiles typical of primary virus isolates. Notably, transmitted Envs were generally
insensitive to CD4i and V3 mADbs but sensitive to CD4bs and MPER mAbs.



Conclusions

We have developed a strategy for identifying HIV-1 envs and full-

length genomes corresponding to virus(es) at or near the moment
of transmission.

This strategy allows for a detailed analysis of viral properties
necessary and sufficient for productive clinical infection and a
molecular analysis of early virus diversification and evolution.

Phenotypic analysis of 42 transmitted/early envs from 34 patients
indicated that:

— All Envs were functional.
— All Envs utilized CCR5; 1 utilized CCR5/CXCRA4.

— All Envs exhibited neut profiles typical of primary viruses,
Including resistance to CD4i and V3 mAbs and susceptibility
to CD4bs, 2G12, and/or MPER mADbs.
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