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Can we identify the transmitted virus and its biological and antigenic properties?



Study Design
• Single genome amplification (SGA) of 

plasma viral RNA from 96 acutely infected 
subtype B patients 

• Subjects classified by Fiebig Stage based 
on their vRNA and antibody status.
– Fiebig I (vRNA positive): 1%
– Fiebig II (vRNA and antigen positive/antibody negative): 51%
– Fiebig III (ELISA pos/Wb neg): 17%
– Fiebig IV (ELISA pos/Wb +/-): 8%
– Fiebig V (Wb pos/p32 neg): 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.

• 2,590 complete env sequences analyzed.

• Analysis of within patient viral evolution done by 
visual inspection of nucleotide sequence 
alignments, phylogenetic tree construction, 
bioinformatics, and mathematical modeling. 



Productive Infection with a Single Virus



Productive Infection with Two Viruses



Model Predictions of Envelope Quasispecies Diversity 
Following Infection

Assumptions:
Generation time: 2 days
RT error rate: ~2 x 10-5

(1 in 20 envs with 1 bp
change)

Predicted env identities:
~75% at 10 days
~60% at 20 days
~45% at 30 days

Hypothesis:  The identical (consensus) plasma viral env
sequences determined experimentally 14-42 days after infection 

represent the actual transmitted virus Env
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d4_A9 d5_A22d5_C9
d34_B7 d34_B6 d13_A18d4_A39
d4_A5 d34_A13d13_B16 d13_A17d13_A4 d5_A14d4_A27
d13_A2 d13_B15d4_A29 d5_A5d4_A40 d34_B19 d34_A8d34_TA9

d34_B11d5_C4
d20_C1 d5_A4d4_A23 d34_B16d13_TA5
d13_B18 d34_A14d4_A38
d5_A10 d4_B2d13_A14d5_A16d20_A8 d20_TA8d5_B15d4_A30
d4_A26 d20_C5 d34_TA7d34_TA4d5_C6
d4_A7d13_A11 d20_B6d5_B11 d5_B1d20_B4
d5_A11 d4_A3d13_A1d5_B9 d4_A18d20_TA1 d5_C8d5_A3d4_A20 d20_C3d13_A5d13_B2d20_C2 d20_A4d5_A12 d5_B3 d34_A4 d34_A9d34_A5 d34_TA6d34_B15d34_B2d5_C7
d13_B17 d20_TA2d20_TA9d13_A8 d13_B14d4_A28d5_B10 d4_A32d34_B13 d20_TA5d5_C11d4_A42 d13_A6d5_B2d13_B11 d20_A10d5_C2 d13_A13d4_A10 d13_A3d5_C12 d5_A9d20_TA11 d5_C3d4_A2d4_A19 d20_B8

d13_A10d5_A8
d20_A2 d20_A6d13_B1 d4_A17

d13_B12d5_A23 d5_A15
d5_C10d20_B7
d13_A15d5_A2d4_A8 d4_A22d13_B6 d20_C6d13_A16

d20_A3 d5_A7d4_A12
d13_B4d5_A19d20_TA13 d20_B2d5_B12 d20_TA12d13_A12d5_A6 d34_B21d34_A2 d34_B18d34_A11 d34_A3d34_A6d34_A12 d34_B4d34_TA1 d34_B12d13_B3

d4_A33

SUMA env evolution

Day 18  - 77% identical
Day 19 - 63% identical
Day 27 - 48% identical
Day 34 - 42% identical
Day 48 - 7%   identical

Early Env Diversification in Subject SUMA Between Feibig Stage II and V
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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



G to A hypermutation

WITO_WGA_H3

WITO_WGA_E1

WITO_WGA_C10

WITO_WGA_F4

WITO_WGA_E3

WITO_WGA_F2

WITO_WGA2

WITO_WGA1

WITO_WGA_D5

WITO_WGA_C1

WITO 4160 - Whole genome amplification 
of a transmitted virus

Consensus Transmitted Virus

(1 bp insertion/framshift)



GAG
MGARASVLSGGELDRWEKIRLRPGGKKKYQLKHIVWASRELERFAVNPGLLETSEGCRQILGQLQPSLQTGSEELKSLFNTVATLYCVHQKIDVKDTKEALDRIEEEQNKSKIKAQQAAADTGSS
SQVSQNYPIVQNLQGQMVHQAISPRTLNAWVKVVEEKAFSPEVIPMFSALAEGATPQDLNTMLNTVGGHQAAMQMLKETINEEAAEWDRLHPIHAGPIAPGQMREPRGSDIAGTTSTLQEQIGW
MTNNPPIPVGEIYKRWIILGLNKIVRMYSPVSILDIRQGPKEPFRDYVDRFYKTLRAEQASQDVKNWMTETLLVQNANPDCKTILKALGPAATLEEMMTACQGVGGPGHKARVLAEAMSQATNST
AIMMQRGNFRTQRKPVKCFNCGKEGHIARNCRAPRKKGCWKCGKEGHQMKDCTERQANFLGKIWPSHKGRPGNFLQSRPEPTAPTAPPEESFRFGEETTTPPQKQETIDKEKYPLASLRSLF
GNDPLSQ$

POL
FFRENLAFPQGKAREFPSEQTRANSPNSPTGGELQVWGRDNNSPSEAGDNRQGEVSFGFPQITLWQRPLVAIKIGGQLKEALLDTGADDTVLEEMNLPGRWKPKMIGGIGGFIKVRQYDQIPIEI
CGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNFPISPIETVPVKLKPGMDGPKVKQWPLTEEKIKALVEICTEMEKEGKISKIGPENPYNTPVFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPH
PAGLKKKKSVTVLDVGDAYFSVPLDKDFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPAIFQCSMTKILEPFRKQNPDIVIYQYMDDLYVGSDLEIGQHRTKIEELRQHLLRWGFTTPDKKHQK
EPPFLWMGYELHPDKWTVQPIVLPDKDSWTVNDIQKLVGKLNWASQIYAGIKVKQLCKLLRGAKSLTEVIPLTEEAELELAENREILKEPVHGVYYDPSKDLVAEIQKQGQGQWTYQIYQEPFKNL
KTGKYARMRGAHTNDVKQLTEAVQKITTESIVIWGKTPKFKLPIQKETWEAWWMEYWQATWIPEWEFVNTPPLVKLWYQLEKEPITGAETFYVDGAANRETKLGKAGYVTDRGRQKVVSLADTT
NQKTELQAIHLALQDSGSEVNIVTDSQYALGIIQAQPDKSESEVVNQIIEQLIQKERVYLAWVPAHKGIGGNEQVDKLVSTGIRKVLFLDGIDKAQEEHEKYHNNWRAMASDFNLPPVVAKEIVASC
DKCQLKGEAIHGQVDCSPGIWQLDCTHLEGKIILVAVHVASGYIEAEVIPAETGQETAYFILKLAGRWPVKTIHTDNGSNFTSNTVKAACWWAGIKQEFGIPYNPQSQGVVESMNNELKKIIGQVRD
QAEHLKTAVQMAVFIHNFKRKGGIGGYSAGERIVDIIATDIQTKELQKQITKIQNFRVYYRDSRDPLWKGPAKLLWKGEGAVVIQDNSEIKVVPRRKAKIIRDYGKQMAGDDCVAGRQDED$

VIF
MENRWQVMIVWQVDRMRIRAWNSLVKHHMYISKKAAGWFYRHHYESQHPKISSEVHIPIGEARLVITTYWGLNTGERDWHLGQGVSIEWRKKKYSTQVDPDLADQLIHLYYFDCFSESAIRNTIL
GHRVSPRCEYQAGHNKVGSLQYLALTALIKPKKRKPPLPSVAKLTEDRWNKPQRTKGRRGSHTMNGH$

VPR
MEQAPEDQGSQREPYNEWTLELLEELKSEAVRHFPRVWLHNLGQYIYETYGDTWAGVEAIIRILQQLLFIHFRIGCQHSRIGIIRQRRTRNGASRS$

VPU
MQPLEILAVVALVVALILAIVVWTIVYIEYRKIQKQKKIDRLIDRIRERAEDSGNESDGDQEELSALVEMGHHAPWDVNDE$

TAT
MEPVDPRLEPWKHPGSQPKTPCNNCYCKKCCFHCQVCFTKKGLGISYGRKKRSQRRRTPNDSQDHQASLSKQPASQTRGDPTGQKKQKEKVERETETDPHD$

REV
MAGRSGVSDEELLTTVRIIKLLYQSNPPPKPEGTRQARRNRRRRWRERQRQIRTISERILSNHLGRSAEPVPLQLPPLERLTLDCSEGCGDSGTQGVGNPQILVESPEVLESGTKE$

ENV
MKVMGTKKNYQHLWRWGIMLLGMLMMSSAAEQLWVTVYYGVPVWREANTTLFCASDAKAYDTEVHNVWATHACVPTDPNPQEVVMGNVTEDFNMWKNNMVEQMHEDIISLWDQSLKPCVK
LTPLCVTLHCTNVTISSTNGSTANVTMREEMKNCSFNTTTVIRDKIQKEYALFYKLDIVPIEGKNTNTSYRLINCNTSVITQACPKVSFEPIPIHYCAPAGFAILKCNNKTFNGKGPCRNVSTVQCTHGI
KPVVSTQLLLNGSLAEEDIIIRSENFTNNGKNIIVQLKEPVKINCTRPGNNTRRSINIGPGRAFYATGAIIGDIRKAHCNISTEQWNNTLTQIVDKLREQFGNKTIIFNQSSGGDPEVVMHTFNCGGEFF
YCNSTQLFNSTWFNNGTSTWNSTADNITLPCRIKQVINMWQEVGKAMYAPPIRGQIDCSSNITGLILTRDGGSNSSQNETFRPGGGNMKDNWRSELYKYKVVKIEPLGIAPTRAKRRVVQREKRA
VTLGAVFLGFLGAAGSTMGAASLTLTVQARLLLSGIVQQQSNLLRAIEAQQHMLQLTVWGIKQLQARVLAIERYLKDQQLLGIWGCSGKLICTTTVPWNTSWSNKSYDYIWNNMTWMQWEREID
NYTGFIYTLIEESQNQQEKNELELLELDKWASLWNWFNITNWLWYIKLFIMIIGGLVGLRIVCAVLSIVNRVRQGYSPLSFQTRLPNPRGPDRPEETEGEGGERDRDRSARLVNGFLAIIWDDLRSL
CLFSYHRLRDLLLIVARVVEILGRRGWEILKYWWNLLKYWSQELKNSAVSLLNVTAIAVAEGTDRVIEIVQRAVRAILHIPTRIRQGFERALL$

NEF
MGGKWSKSWKIGWPTVRERMRRAEPEPAAVGVGAVSRDLERHGAVTSSNTATNNADSAWLEAQAQEEDNEVGFPVRPQVPVRPMTYKAAVDLSHFLKEKGGLDGLIYSQQRQDILDLWVYN
TQGFFPDWQNYTPGPGTRYPLTFGWCYKLVPVEPEEVEKANEGENNSLLHPMGLHGMDDPEKEVLMWKFDSRLAFHHMAREKHPEFYKDC$

Transmitted Viral Proteome:  WITO 4160



What are the biological 
properties and antigenic 

characteristics of the 
transmitted virus?



Wei, et al., Nature 422:307, 2003



Phenotype of Transmitted HIV-1 Envelopes

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 mAbs 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/CXCR4.
– All Envs exhibited neut profiles typical of primary viruses, 

including resistance to CD4i and V3 mAbs and susceptibility 
to CD4bs, 2G12, and/or MPER mAbs.
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