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Highlights: 

 Mutations in early HIV-1-infection collectively impair fitness of the T/F viruses. 

 Fitness loss is associated with reduced viral loads from viremia peak. 

 Testing mutations in the cognate T/F genome accurately determinates HIV-1 fitness. 
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Accumulated mutations by 6 months of infection collectively 

render transmitted/founder HIV-1 significantly less fit 

 

Running title: Fitness costs of accumulated mutations in the HIV-1 genome 
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Summary 

 

Objective: Viral fitness plays an important role in HIV-1 evolution, transmission 

and pathogenesis. However, how mutations accumulated during early infection 

affect viral fitness has not been well studied.  

Methods: We generated paired infectious molecular clones (IMCs) for 

transmitted/founder (T/F) and 6-month (6-mo) viruses post infection from 10 

infected individuals to investigate the impact of accumulated mutations on viral 

fitness by comparing 6-mo viruses to their cognate T/F viruses.  

Results: We found that all ten 6-mo viruses were less fit than their cognate T/F 

viruses. Moreover, the fitness losses of the 6-mo viruses correlated with the 

decrease in viral loads from the peak of viremia.  

Conclusion: These results show that the mutations accumulated during half a 

year post infection collectively reduce viral fitness and thereby contribute to 

lowering viral loads. 

 

Keywords: HIV-1, Mutation, Fitness, Transmitted/founder virus, Infection. 
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Introduction 

Viral fitness plays an important role in transmission, pathogenesis, drug 

resistance, disease progression and vaccine development for HIV-1 (1-9). The 

viral load (VL) declines dramatically from the peak of viremia during acute HIV-1 

infection under the selection pressure by cytolytic T lymphocytes (CTL) and then 

maintains at a stable set point level as a result of the balance between the host 

selection pressure and viral replication (10-13). During acute/early infection, 

immune escape mutations are selected by immune responses, allowing mutant 

viruses to evade immune selection pressure. These individual mutations can 

significantly reduce the replicative fitness of HIV-1 (14-19). The reduced viral 

fitness and lowered viral loads can lead to long-term HIV-1 control and a 

decreased probability of transmission to new hosts (4-6). However, the fitness lost 

caused by the immune escape mutations can also be repaired by compensatory 

mutations that occur within or outside the targeted epitopes (14, 18, 20-23). The 

restoration of the fitness losses by compensatory mutations may be responsible 

for the subsequent VL changes and the unsustained disease control (6). A 

number of mutations (e.g., A146P, A163G, E207D, T242N and I437L in Gag; 

T68A, K466R in Pol; and N279K, V281A, V281G in Env) selected by CTL and 

neutralizing antibodies could impair viral replicative fitness (16, 17, 24-27), while 

some other mutations (e.g., H219Q, I223V, M228I, V247I, G248A and K436R in 

Gag) could compensate the fitness losses (18, 20, 23, 26, 28). However, how 

combinations of mutations affect viral fitness has not been elucidated.   

Earlier studies have shown that viral fitness may be correlated with set point 

VLs and thus it may be a good predictor of disease progression and clinical 

parameter (8, 29-31). However, viral fitness was determined by using 

quasispecies viral isolates (29, 32, 33), infectious molecular clones containing the 

gag-protease fragments from acute/early/later viruses (32, 34, 35), or cross 

sectional studies by comparing viruses from different hosts from different time 

points (1, 36). Recent studies showed that fitness of transmitted/founder (T/F) 

viruses play an important role in HIV-1 infection outcomes (8, 37). These studies 

showed how the viral replication capacity was associated with disease 
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progression. However, the impact of mutations or gene fragments on viral fitness 

differences were only analyzed in unrelated viral genome background and 

compared viruses were not head-on compared in the same culture in these 

studies. In nearly 80% of HIV-1 infections through mucus areas, a single T/F virus 

is responsible for productive clinical infection (38, 39). Following establishment of 

HIV-1 infection, the viruses in the infected hosts gradually accumulate mutations 

under the host selection pressure. However, it remains unclear how the mutations 

accumulated in T/F viruses affect viral fitness and how the fitness changes affect 

VLs in vivo. 

We have inferred the whole HIV-1 T/F genomes using the single genome 

amplification (SGA) method from acute infection samples (25, 38, 40-42) and 

identified a number of mutations that are associated with T cell and B cell immune 

selection in those viral genomes (25, 43, 44). Using infectious molecular clones 

(IMCs) generated for T/F viruses (25, 38, 41, 42), we precisely determined how 

some of those mutations affected the fitness of the T/F viruses. We found that 

some of the mutations could cause significant fitness losses while others could 

compensate the fitness losses (18, 23, 25, 45, 46). However, how the mutations 

together in the viral genome generated during about half a year after infection 

affect the viral fitness of their cognate T/F viruses has not been investigated. To 

understand the overall impact of mutations accumulated by six months of infection 

on viral fitness, we for the first time assemble a panel of 10 pairs of T/F and 6-mo 

viruses from the same individuals and determined the impact of these mutations 

on viral fitness and the association between the fitness losses and VL decreases 

by comparing replication kinetics of the 6-mo viruses to their cognate T/F viruses 

in primary CD4+ T cells.  

 

Materials and Methods 

Human subjects  

Plasma samples were obtained from 10 adult subjects (Table 1) enrolled in acute 

HIV-1 infection cohorts (38). None were treated with antiretroviral drugs until after 

the time when the samples were collected for analysis. All subjects provided 
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written informed consent for the collection of samples and subsequent analyses. 

The study was approved by the Institutional Review Boards of Duke University. 

 

Amplification of viral genome by SGA 

Viral RNA (vRNA) was extracted from plasma samples using the PureLink Viral 

RNA/DNA Mini Kit (Invitrogen, Carlsbad, CA). cDNA was synthesized using the 

SuperScript III reverse transcriptase (Invitrogen) with the primer 07Rev8 (5’- 

CCTARTGGGATGTGTACTTCTGAACTT-3’; nt 5193–5219 in HXB2) for 5’-half 

genome, or primer 1.R3.B3R (5’- 

ACTACTTGAAGCACTCAAGGCAAGCTTTATTG-3’; nt 9611–9642) for the 3’-half 

or near full-length genomes. The 3’- and 5’-half genomes were amplified by SGA 

as described previously (42, 45). The two overlap PCR fragments cover the entire 

viral RNA genome.  

 

Sequence analysis  

The PCR amplicons were directly sequenced by the cycle sequencing and dye 

terminator methods on an ABI 3730xl DNA analyzer (Applied Biosystems, Foster 

City, CA). Individual sequences were assembled and edited using Sequencher 

4.7 (Gene Codes, Ann Arbor, MI). The sequences were aligned using CLUSTAL 

W (47), and the manual adjustment for optimal alignment was performed using 

Seaview v4. The overlapping region between the two half genomes is over 1000 

bp long (42, 45). The 5’- and 3’-half genome sequences that shared the identical 

overlap sequences were put together to correctly generate complete viral 

genomes that represent the viruses in vivo.  

 

Generation of infectious molecular clones 

Of the 10 pairs of T/F and 6-mo IMCs, eight T/F IMCs and five 6-mo IMCs were 

reported before (41, 42, 48, 49). Using the same method, we inferred two 

additional T/F genome sequences (CH0107 and CH0569) by analyzing the 

plasma quasispecies in selected patients at sequential time-points during acute 

and early infection and identified predominant mutations representing >50% of 
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sequences at polymorphic positions at month 6 for five viruses (CH0040, CH0042, 

CH0107, CH0162 and CH0569) in this study. The inferred T/F whole genomes 

were chemically synthesized as three subgenomic fragments (Blue Heron 

Biotechnology, Bothell, WA) and cloned together through unique restriction 

enzyme sites to generate T/F IMCs (48). To generate 6-mo IMCs, predominant 

mutations detected at month 6 were introduced into the corresponding T/F IMCs 

using the QuikChange II Site-Directed Mutagenesis Kit (Stratagene, Santa Clara, 

CA). All newly generated IMCs were sequence confirmed. The virus stocks were 

prepared from the supernatants of HEK293T cells transfected with IMCs as 

previously described (40, 45). 

 

Viral replication kinetics 

Blood was obtained from a healthy donor under clinical protocols approved by the 

Institutional Review Board of Duke University. Peripheral blood mononuclear cells 

(PBMCs) were isolated by using the Ficoll-Hypaque density gradients. CD4+ T 

cells were negatively selected from PBMCs using a CD4+ T cell Isolation Kit II 

(Miltenyi Biotec, Auburn, CA) according to the manufacturer’s instructions. 

Purified CD4+ T cells were stimulated with interleukin 2 (IL-2) (32 IU/ml; Advanced 

Biotechnologies, Columbia, MD) and Dynabead Human T-Activator CD3/CD28 

(Thermo Scientific, Waltham, MA) for 3 days. The viral growth kinetic assays were 

performed with stimulated CD4+ T cells as we described before (18). The dynamic 

viral replication in the culture supernatant was monitored by measuring the p24 

concentration using an Alliance HIV-1 p24 ANTIGEN ELISA Kit (PerkinElmer, 

Waltham, MA). All infections were performed in triplicate.  

 

Parallel allele-specific sequencing (PASS) fitness assay 

Stimulated CD4+ T cells (5 × 105) were infected with the mixture of two compared 

viruses at a ratio of 1:1 (2.5 ng of p24 for each virus) both in the single passage 

and through multiple passages as previously described (17). Specifically, in the 

multiple passage assay, the supernatant at each passage was harvested at day 5 

or day 6 at the peak of the p24 production, and 100 μl of the supernatant was 

                  



 8 

passaged onto fresh CD4+ T cells (about 5 ng p24 per 5 × 105 cells). The viral 

replication kinetics was monitored by measuring the p24 concentration in the 

culture supernatant. All infections were performed in triplicate. To ensure that all 

the fitness data were comparable, the primary CD4+ T cells from the same one 

individual collected through leukapheresis were used for all fitness comparison 

experiments.  

The PASS fitness assay was performed as we described before (18). The 

culture supernatants were first treated with DNase I (New England Biolabs, 

Ipswich, MA) at 37°C for 20 minutes. Then vRNA was extracted and used for 

cDNA synthesis using a SuperScript III reverse transcriptase (Invitrogen) with the 

primer lower3 (5’-TTTTTCCTAGGGGCCCTGCAATTT-3’; nt 1998–2021). 20 μl of 

6% acrylamide gel mix, containing viral cDNA, 1 μl  acrydite-modified forward 

primer M6F2 (5’-Acry-CTCGACGCAGGACTCGGCTTGCTG-3’; nt 685–708), 0.3% 

diallyltartramide, 0.1% ammonium persulfate (APS), 0.1% 

N,N,N’,N’-tetramethylethylenediamine (TEMED), 5% Rhinohide  and 0.2% 

bovine serum albumin (BSA), were used to cast the gel on a bind-silane (GE 

Healthcare Bio-Sciences, Pittsburgh, PA) treated glass slide. The in-gel PCR 

amplification was then performed in a PTC-200 Thermal Cycler (MJ Research, 

Hercules, CA) with a mix of 3.3 units of Jumpstart Taq DNA polymerase (Sigma, 

St. Louis, MO), 1 μM reverse primer M6R2 

(5’-TCCTCCCACTCCCTGACATGCTGTCATCATTTC-3’; nt 1822–1854), 100 μM 

dNTP mix, 1 x PCR buffer, 0.1% Tween-20, 0.2% BSA, and H2O (up to 300 μl) 

under a sealed SecureSeal Hybridization Chamber (Grace Bio-Labs, Bend, OR). 

After in-gel PCR, the gels were treated with denaturation solution to remove the 

free DNA strands. Single base extension (SBE) was then performed to distinguish 

the compared viruses using two different fluorophore labeled bases with 

sequencing primers that annealed just upstream of the target sites. Different 

sequencing primers used to detect the bases at different mutated positions were 

listed in Table S1. Data analysis was performed as previously described (17, 50). 

 

Quantification and statistical analysis 
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The relative fitness (Sij) in competitive assays and the method of statistical 

analyses to assess the significance of the measured fitness difference were 

determined using the mathematical model as described in our previous studies 

(17, 18, 23, 45). 

 

Results 

T/F and 6-mo viruses from the same individuals are replication-competent 

Individual escape mutations selected by T cell immune responses can cause 

fitness losses and lead to the lowered VLs during acute infection (10, 51-54). 

However, it is not known whether 6-mo viruses carrying multiple mutations are 

less fit than their cognate T/F viruses since such paired viruses were not available 

for comparison before. To investigate the impact of accumulated mutations during 

early infection on viral fitness, we studied 10 individuals who were infected with 

single T/F viruses and were followed from acute infection (Fiebig stages I-IV) for 

two years of infection (38). Relatively few mutations at month 6 after infection 

were predominant in the HIV-1 genome. However, the escape mutations selected 

by hosts can be clearly identified. We previously generated five IMCs for the 6-mo 

viruses that carried all predominant mutations and compared their relative 

resistance to type 1 interferon inhibition to their cognate T/F viruses (41, 48). All 

predominant mutations identified in the 6-mo viruses in each individual were 

introduced into their cognate T/F genome to generate the additional five pairs of 

T/F and 6-mo IMCs. Together with the IMCs for T/F and 6-mo viruses from our 

previous studies (41, 42, 48, 49), we generated 10 pairs of T/F and 6-mo IMCs 

from 10 HIV-1-infected individuals (Table 1). Comparison of the 6-mo and their 

cognate T/F viral genome sequences showed an average of 16 (7-27) 

predominant point mutations (i.e. present in ≥ 50% of the viral population) in their 

genomes (Figure 1 and Table S2).  

We first determined the replication capacity of each paired T/F and 6-mo 

viruses from the same individual by culturing each virus independently in purified 

primary CD4+ T cells from an HIV-1 negative donor. While most 6-mo viruses 

replicated as well as their cognate T/F viruses, differences in replication kinetics 
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between some paired T/F and 6-mo viruses were also observed (Figure 2). The 

replication kinetics of the T/F and 6-mo viruses from CH0042, CH0058, CH0077 

and CH0569 laid on top of each other (Figure 2A-2D), while those from CH0236 

and CH0850 were parallel to each other (Figure 2E and 2F). In contrast, the 6-mo 

viruses from CH0040, CH0107, CH0162 and CH0470 showed relatively slower 

replication kinetics than their corresponding T/F viruses (Figure 2G-2J). This 

suggests that such replication differences in vitro might translate into fitness 

losses significant in vivo. These results indicate that overall both T/F and 6-mo 

viruses from each individual replicated well in vitro but some 6-mo viruses 

appeared replicatively impaired compared to their cognate T/F viruses.  

 

6-mo viruses are less fit than their cognate T/F viruses. 

We next determined the relative fitness of 6-mo viruses in a competitive fitness 

assay using the PASS fitness method as we reported before (17, 50). The 

competitive fitness assay in which both compared viruses are grown together in 

the same culture is more sensitive and accurate than the parallel fitness assay in 

which compared viruses are grown independently (17, 55, 56). Equal amounts 

(2.5 ng of p24) of each of the T/F and 6-mo viruses from the same individual were 

mixed together to infect primary CD4+ T cells. The mixed viruses initially 

replicated exponentially as determined by measuring p24 concentrations in the 

culture supernatants (Figure S1). The viruses harvested from days 1, 3 and 5 or 6 

post infection were used to determine the relative fitness of the 6-mo viruses by 

assessing their relative abundance in the culture using the PASS fitness method. 

Among 10 pairs of T/F and 6-mo viruses, eight 6-mo viruses were outgrown by 

their cognate T/F viruses at various paces during the culture (Figure 3A). Three 

6-mo viruses (CH0040, CH0107 and CH0470) were almost completely 

outcompeted by their T/F viruses by day 3 or day 5 (Figure 3A). These 6-mo 

viruses only accounted for less than 6.5% of the viral population at the end of 

comparison. Their fitness compared to their cognate T/F viruses was lower by 

between 24% ± 2% and 50% ± 8%. All three 6-mo viruses also showed relatively 

slower replication kinetics than their cognate T/F viruses when they were cultured 
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individually (Figure 2). Five other 6-mo viruses (CH0058, CH0162, CH0236, 

CH0569 and CH0850) were outgrown by their T/F viruses at a slower pace 

(Figure 3A). These 6-mo viruses were less fit than their cognate T/F viruses by 

between 9% ± 27% and 57% ± 35%. The fitness losses were statistically 

significant for all these eight 6-mo viruses, except the CH0569 6-mo virus for 

which the fitness loss could not be statistically evaluated because the data did not 

fit our mathematical model of viral competition (17, 18) although the 6-mo virus 

was as quickly outcompeted by the T/F virus in all three replicates by day 3 as 

other 6-mo viruses (Figure 3A). 

Statistical differences in fitness were not observed between the T/F and 6-mo 

viruses for CH0042 and CH0077, although the proportion of the CH0077 6-mo did 

gradually decrease while its T/F virus continuously increase during the culture 

(Figure 3A). We previously showed that fitness costs for some mutant viruses 

could only be detected after the compared viruses were passaged together 

multiple times (17, 23). Therefore, to investigate whether the CH0042 and 

CH0077 6-mo viruses were less fit than their cognate T/F viruses, we determined 

their relative fitness by passaging the mixture of cell-free viruses for each T/F and 

6-mo pair to fresh CD4+ T cells three times. Both of the CH0042 and CH0077 

6-mo viruses were gradually outcompeted during passaging (Figure 3B), as we 

had previously observed for CH0077 mutants which did not show fitness 

differences by the single passage fitness assay but had significantly fitness 

differences when passaged multiple times (17, 23). The results showed that the 

CH0042 and CH0077 6-mo viruses were 23% ± 4% and 143% ± 40% less fit than 

their T/F viruses in the multiple passage fitness assay. These results demonstrate 

that all ten 6-mo viruses were less fit than their cognate T/F viruses although the 

fitness losses of the majority of the 6-mo viruses can be detected in the single 

passage assay while two of them require the multiple passage assay to detect the 

fitness differences.  

 

Viral fitness losses are associated with low viral loads 

Studies have shown the correlation between in vitro HIV replication capacity and 
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the level of plasma VLs in chronically infected individuals (1, 2, 29, 32, 36). 

However, impacts of viral fitness on viral loads have been studied only with 

quasispecies viral isolates which were propagated by coculturing PBMCs from 

both HIV-positive and -negative individuals (1, 2, 29, 32, 36). With well-defined 

viral fitness and VL data for viruses around the peak of viremia and six months 

after infection from the same infected individuals, we sought to investigate 

whether the relative fitness levels of 6-mo viruses with accumulated mutations in 

the viral genome were associated with the VL levels. The VLs at month 6 

decreased about 2 logs (range from 0.52 to 4.63 logs) from the peak of viremia in 

these 10 participants (Table 2 and Figure S2). To understand how viral fitness 

costs associated with VL decreases, we determined the levels of VL decrease 

from the peak of viremia by calculating the quotient between the viremia peak and 

month 6 VLs (Table 2). When the levels of fitness losses were plotted against the 

quotients of peak levels over VLs at month 6, the high levels of fitness losses 

showed a moderate but significant positive correlation with low VLs at month 6 (R2 

= 0.48; F-test p = 0.027; Figure 4).  

 

Discussion 

To understand how accumulated mutations together in the HIV-1 genome affect 

viral fitness and VLs during early infection, we generated a panel of 10 unique T/F 

and 6-mo virus pairs in which both were from the same infected individuals. We 

found that the 6-mo viruses were significantly less fit than their cognate T/F 

viruses and the fitness losses were associated with low VLs.   

Strongly selected mutations generally predominate in the viral genome (>80% 

of the viral population) by 6 moths of infection, although a few of mutations are 

present at 50% of the viral population (41, 48). However, our analysis of viral 

sequences shows that all strongly selected mutations are present in the 6-mo 

viruses. Thus, the 6-mo viruses that were generated by introducing all the strongly 

selected mutations are real and represent the predominant viruses in the sample 

(41, 48). All ten 6-mo viruses were less fit than their cognate T/F viruses in the 

single or multiple passage competitive fitness assays. The fitness costs are most 
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often caused by T cell escape mutations during acute/early infection but such 

fitness losses can also be compensated by additional or preexisting mutations (18, 

20-23). The 6-mo viruses carried an average of 16 (7-27) point mutations, and 

these accumulated mutations together in each viral genome had caused a fitness 

loss. Since the majority of mutations in the 6-mo viruses are predominant or 

present in all detected viral genomes in most cases, these mutations were 

included in the 6-mo viral genomes (48). Thus, phenotypes of the 6-mo viruses 

could well represent the majority of the viruses in vivo by the time (41, 48).  

T cell responses have been thoroughly analyzed using autologous 

overlapping peptides based on the whole proteome sequences of the T/F 

genomes for six (CH0040, CH0042, CH0058, CH0077, CH0162 and CH0470) of 

the 10 subjects (12, 44). T cell responses were detected in all six subjects and 

escape mutations were found in most of the identified T cell epitopes. The fitness 

costs caused by these T cell escape mutations might contribute to the reduced 

viral loads. Half of these mutations (9 of 18) were found in highly conserved 

epitopes (Table S2). It is expected that such mutations in the function-restrained 

regions will cause fitness losses. A few of these T cell escape mutations were 

confirmed to impair viral fitness in our studies (17, 23). No mutations were also 

found in about one-third (17 of 46) of the identified T cell epitopes (2.8 epitopes 

without mutations per each of the six subjects; Table S2). This suggests that these 

epitopes are still sensitive to the T cell responses so that the T cell responses can 

exert selection pressure on viral replication and thus lower VLs. Our earlier study 

also showed that a strongly selected mutation that is independent of T cell 

responses and neutralizing antibodies can also result in a significant fitness loss 

(46). Taken together, the reduced viral loads from peak viremia is a combination of 

effects of fitness-reducing mutations, compensatory mutations and T cell immune 

responses. 

Immune escape mutations often revert back to the consensus sequence of 

the general HIV-1 population sequences. It has been thought that such reversion 

mutation may render the viruses more fit. By comparing to subtype B or C 

consensus sequences, 30 reversion mutations were identified in ten 6-mo viral 
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genomes (an average of three per virus) after six months of infection (Table S2). 

We previously studied two reversion mutations (V247I and I64T) in CH0077 (23). 

The V247I mutation in Gag made the mutant peptide partially less recognized by 

the T cell response than the wild type TW10 peptide, suggesting that it is a 

partially resistant mutation. It had no detectable fitness effects on its cognate 

CH0077 T/F virus but could compensate the fitness loss caused by the T242N 

mutation in the TW10 epitope in Gag. The I64T reversion mutation in Tat is a 

synonymous mutation in a T cell epitope in Rev (12). Since it did not change 

amino acid in the epitope, it could be a simple reversion mutation. However, it did 

not have any impact on fitness of its cognate CH0077 T/F virus. These results 

suggest whether a reversion mutation is an escape, reversion or compensatory 

mutation needs to be experimentally validated. 

 The VLs by six months of infection were nearly 2 logs lower than those around 

the peak of viremia, the time when the T/F virus sequences were inferred. Our 

data show a moderate, but statistically significant, linear correlation between the 

log VL decrease and viral fitness cost (Pearson’s correlation r = 0.69, 95% 

Confidence Interval [0.11, 0.92], Adjusted R2 = 0.41, F-test p = 0.027 with 

residuals normally distributed with Shapiro Wilk p = 0.73). This indicates that the 

significant reduction in fitness of 6-mo viruses may play an important role in 

lowering VLs during early infection as previously suggested (14-16, 27, 57). The 

association between fitness costs and VL decreases in this study was clearly 

demonstrated by analyzing 10 pairs of the T/F and cognate 6-mo viruses in which 

each pair was from the same individual, rather than by introducing mutations to 

unrelated viral genomes or by quasispecies viral isolates. Therefore, the direct 

comparison of viral fitness between the T/F viruses and the corresponding 6-mo 

viruses that carry the mutations accumulated in the same hosts can help to more 

precisely determine how the fitness affects VLs. 
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Table 1. Demographic and clinical data from study subjects  

Subject Gender Clade Country 
Fiebig 
stage  

IMC type Reference 

CH0040 M B USA I/II T/F, 6-mo (48) and this study 

CH0042 M C South Africa IV T/F, 6-mo (42) and this study 

CH0058 M B USA I/II T/F, 6-mo (48) and (41) 

CH0077 M B USA I/II T/F, 6-mo (48) and (41) 

CH0107 F C South Africa I/II T/F, 6-mo This study 

CH0162 M C South Africa III T/F, 6-mo (42) and this study 

CH0236 M C South Africa I T/F, 6-mo (41) 

CH0470 M B USA IV T/F, 6-mo (42) and (41) 

CH0569 M C South Africa I/II T/F, 6-mo This study 

CH0850 M C Malawi I/II T/F, 6-mo (41) 
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Table 2. Correlation between relative fitness of 6-viruses and peak 

viremia/6-mo VL ratios  

Subject 
Viral load (vRNA copies/ml) Quotient 

(Peak/month 6) 
Relative fitness 

Peak viremia  Month 6 

CH0040 2,197,248 29,453 75 -0.24 ± 0.02 

CH0042 340,000 102,000 3 0.02 ± 0.02 

CH0058 394,649 205 1925 -0.17 ± 0.01 

CH0077 179,031 1,680 107 -0.03 ± 0.02 

CH0107 >10,000,000 232 >43103 -0.50 ± 0.08 

CH0162 >10,000,000 102,793 >97 -0.20 ± 0.02 

CH0236 >750,000 209,000 >4 -0.09 ± 0.27 

CH0470 264,882 28,456 9 -0.31 ± 0.02 

CH0569 1,000,000 324 3086 -0.57 ± 0.35 

CH0850 1,200,417 253,675 5 -0.20 ± 0.06 
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Figure captions 

 

Figure 1. Diagrammatic representation of the nucleotide differences 

between the T/F and 6-mo IMC genome sequences from the same 

individuals. The T/F and 6-mo IMC sequences from each subject are 

represented by horizontal black lines. The horizontal axis indicates nucleotide 

positions in the comparison beginning at the start of the U3 region of the 5’ LTR 

and extending to the end of the U5 region of the 3’ LTR, based on HXB2 reference 

sequence numbering 

(http://www.hiv.lanl.gov/content/sequence/HIV/REVIEWS/HXB2.html). Nucleotide 

differences between the T/F and 6-mo IMC sequences are indicated by ticks on 

the 6-mo sequence, with the color of the tick indicating the base present in the 

6-mo genome sequences (A in green, C in blue, G in orange and T in red). The 

total number of nucleotide differences between each T/F and 6-mo IMC pair is 

indicated. The red line indicates the region targeted by the sequencing primers in 

the PASS fitness assay. 
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Figure 2. Viral growth dynamics of the 6-mo and T/F viruses from the same 

individuals. (A-J) The replication kinetics of ten 6-mo viruses and their cognate 

T/F viruses were determined by measuring p24 concentrations in the cell culture 

supernatants. Each virus was cultured independently in triplicate. Mean value ± 

standard deviation (SD) is shown. 
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Figure 3. Determination of relative fitness of 6-mo viruses. (A) Equal amounts 

(2.5 ng p24) of the 6-mo viruses and their respective cognate T/F viruses were 

mixed to infect freshly purified CD4+ T cells, and the proportion of each virus in the 

culture supernatants at days 1, 3 and 5 or 6 after infection was determined by the 

PASS fitness assay. (B) Equal amounts (2.5 ng p24) of the 6-mo virus and its 

cognate T/F virus was mixed to infect freshly purified CD4+ T cells. Cell-free 

viruses were harvested 5 or 6 days after infection, and supernatants were used to 

infect fresh CD4+ T cells for 3 passages. The proportion of each virus in the 
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culture at the last day of each passage was determined by the PASS fitness assay. 

All experiments were carried out in triplicate. Mean value ± SD is shown. 

 

Figure 4. Association between fitness losses and viral load decreases. The 

quotients were determined between the viral loads between the peak of viremia 

and month 6, and then plotted against the relative fitness for each T/F and 6-mo 

virus pairs. The best-fit straight line has an intercept of -0.04 ± 0.08 and a slope of 

-0.09 ± 0.03. 

                  


