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SUPPLEMENTARY MATERIAL 

 
 
Neutralization Assay.  In the present study, we report IC50 values for autologous and 

heterologous neutralization of envelope pseudotyped primary virus in patients with acute and 

early infection in the range of 0.001 and 0.01, respectively.  These values  correspond to plasma 

neutralizing antibody titers of 1:1000 and 1:100.  IC50 values in seventeen chronically infected 

patients against the heterologous T-cell line adapted virus NL4.3 averaged 0.0036 ± 0.0030 

(mean ± 1 S.D.), equivalent to a mean titer of 1:167.  In general, these titers of neutralizing 

antibodies are greater than those reported based on the more conventional p24 antigen assays2,4, 

but they are not greater than those reported using another single-cycle pseudotype entry assay30.  

The JC53BL-13 based neutralization assay used in the present study differs substantially in 

design from the p24 antigen based assays2,4 which use a reduction in p24 antigen production by 

PHA-stimulated PBMCs some days after virus-cell co-incubation (with and without test plasma) 

as the measure of virus neutralization.  Such a readout undoubtedly provides a measure of 

neutralization at the point of virus entry but is also subject to viral and cellular factors which can 

variably influence virus expression and secondary rounds of virus infection that are required in 

order to reach sufficient levels of p24 antigen for analysis.  The JC53BL-13 assay13, and others 

like it30, are based on a single round of infection by envelope pseudotyped viruses and the 

readout is more directly related to each infection event:  b-galactosidase or luciferase gene 

expression.  Still another difference between the JC53BL-53 assay as configured in the present 

study and the p24 antigen assays, is that in the former we used individual envelope clones for 

pseudotyping in contrast to more complex virus isolates used in the latter.  Given these 

differences, it is not possible a priori to interpret the significance of differences in neutralizing 

antibody titers that exist between those reported in the present manuscript and those reported 

elsewhere for different subjects using different assay methods.  It is also not known which assay 

design might result in data that is more biologically or clinically relevant, and indeed this could 
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vary depending on the particular question being asked.  Studies are currently underway to 

address the important issue of assay comparability.    

Molecular Cloning, Sequencing, and Mutagenesis.  Full length gp160 envelope genes were 

amplified by nested PCR from plasma HIV-1 RNA.  Virion-associated plasma RNA was 

prepared using the QIAmp Viral RNA Mini Kit (Qiagen).  From each timepoint, replicate plasma 

virus RNA preparations (4000-8000 RNA molecules per reaction) were subjected to cDNA 

synthesis using SuperScript II (Invitrogen).  Replicate viral cDNA samples (1, 10, 100, or 1000 

molecules each) were then subjected to nested PCR amplification as described11-13, using the 

following primers:  Outer sense primer (5’-TAGAGCCCTGGAAGCATCCAGGAAG-3’, nt 

5852-5876), outer anti-sense primer (5’-TTGCTACTTGTGATTGCTCCATGT-3’, nt 8912-

8935), inner sense primer (5’-GATCAAGCTTTAGGCATCTCCTATGGCAGG AAGAAG-3’, 

nt 5957-5982), and inner anti-sense primer (5’-AGCTGGATCCGTCTCGA 

GATACTGCTCCCACCC-3’, nt 8881-8903).  Inner primers contain additional 5’ sequences and 

restriction sites (HindIII and BamHI) to facilitate cloning.  The PCR products of the full-length 

env genes were cloned into pCR-XL-TOPO (Invitrogen) and into pCDNA3.1 (Invitrogen) for 

expression.  All clones, including those modified by site-directed mutagenesis, were sequenced 

using an ABI 3100 Genetic Analyzer and dideoxy methodology. Sequences have been deposited 

in GENBANK (accession numbers U21135; AY223719–AY223754; AY223761–AY223790).  

To ensure that molecular clones of HIV-1 envelope amplified from plasma viral RNA were 

representative of plasma virus, replicate PCR reactions were performed on primary samples at 

varying endpoint titrations of viral cDNA and on separate days.  Site-directed mutagenesis was 

done using the Quik-ChangeTM site-directed mutagenesis kit (Stratagene Inc.).  125 ng of 

complementary primers with mutant sequences and 20 ng of template pCDNA3.1-env were used 

for each PCR amplification.  PCR conditions were as follows: 95oC for 30 seconds, 58oC for 1 

minute, and 68oC for 18 minutes.  After 16 cycles the PCR product was digested with 10 units of 

DpnI to cleave template DNA at 37oC for 1 hr.  Mutants were identified and confirmed by 

nucleotide sequencing. 
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Mathematical Modeling.  Quantitative data for changes in plasma virus composition and Nab 

susceptibility were used to estimate the selective pressures exerted by Nab.  In patient WEAU, 

for example, we observed a complete turnover of the virus RNA population between day 41 and 

day 136 (within 95 days) and between day 136 and day 212 (within 76 days).  We thus consider 

two virus mutants, v1 and v2, where v1 is neutralization sensitive, while v2 is a partial escape 

mutant from a Nab response (v1 could denote the dominant virus at day 41, while v2 denotes the 

dominant virus at day 136).  Let r denote the relative fitness advantage of v2 to v1 (between days 

41 and 136) and consider the ratio, w=v2/v1.  The difference equation, w(t+1)=rw(t), describes 

how the ratio changes over time measured in viral generations.  For HIV-1, the generation time 

in vivo is about 2 days.  For the ratio, w, to increase 10,000 fold in 10, 20, or 40 virus generations 

(which is required for complete virus turnover), the escape mutant must have a relative fitness 

advantage of r=2.51, 1.58 or 1.26, respectively.  The relative fitness advantage can be written as 

r=a2s2/a1s1, where a1 and a2 denote the reproductive rates of v1 and v2 in the absence of the 

specific Nab response, while s1 and s2 denote the fractions of virus reproduction that escape 

neutralization.  For example, assuming that v1 and v2 reproduce equally fast in the absence of 

the specific Nab, a1=a2, and that v2 escapes 50% neutralization, a relative fitness advantage of 

2.51 requires that the Nab blocks 80% of v1 infectivity.  The selection pressure and virus 

turnover dynamics induced by Nab are comparable to what is seen with certain antiretroviral 

drugs and instances of cytotoxic T-cell control and escape, where complete turnover of the virus 

RNA population has been observed in about 50-70 days.  However, estimates of relative fitness 

advantage with respect to Nab, and thus neutralization efficacy, are confounded in patients with 

acute and early HIV-1 infection by the fact that Nab evolution and maturation occur 

simultaneously with virus evolution and escape.  This situation is different from the case for 

antiretroviral drugs which achieve therapeutic concentrations rapidly and is also likely to be 

different from the situation where candidate HIV-1 vaccines are administered, and Nab are 

elicited, prior to virus exposure. 


