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Abstract 
HIV-1-infected individuals harbor at each moment in their course of infection a large 
number of highly related yet different virus variants that coexist in the so called viral 
quasispecies. To study biological properties of replication competent HIV-1 in vitro, 
virus isolation is obviously required. However, standard virus isolation protocols have 
only resulted in isolation of the virus variant with optimal fitness in bulk culture as 
these outgrow the virus variants with lower fitness. To obtain a swarm of virus 
variants representative for the quasispecies in vivo, we previously developed a virus 
isolation procedure in which limiting diluted HIV-infected patient peripheral blood 
mononuclear cells (PBMCs) were added to target cells in multiple parallel cocultures 
to obtain individual clonal HIV-1 variants that coexisted in vivo. Here, we studied 
whether clonal HIV-1 variants obtained via this method are indeed representative for 
the replication competent HIV-1 quasispecies in plasma.  
We observed that the HIV-1 quasispecies derived from both plasma and PBMCs have 
highly identical genetic properties. Genetic diversity in isolated clonal HIV-1 variants 
and in contemporaneous viral sequences from plasma were mostly similar. Moreover, 
divergence of envelope sequences of isolated clonal HIV-1 variants over time was 
mostly similar to the divergence of viral sequences in plasma over the same time 
course during infection.  
In conclusion, isolated replication competent clonal HIV-1 variants accurately 
represent the replication competent viral quasispecies in plasma at all stages in the 
course of infection within a single individual.  
 
Introduction 
The clinical course of HIV infection is characterized by the gradual loss of CD4+ T cells 
and T cell function 1-3, resulting eventually in the development of AIDS. Although there 
may be a clinically latent or asymptomatic phase in the course of HIV-1 infection, at all 
times virus replication and turnover are high 4,5 which in combination with the error-prone 
nature of the HIV-1 reverse transcriptase and its lack of proofreading results in a 
continuous emergence of new HIV-1 variants 6,7. The random generation of viral mutants 
facilitates escape from host immune pressure, and selection for optimal biological 
properties such as coreceptor use and replication capacity. Due to selection, the genetic 
diversity of virus populations at a given time point is relatively low. HIV-1-infected 
individuals at all times during infection harbor a swarm of related but slightly different 
virus variants that coexist in the so called viral quasispecies.  
The half life time of HIV-1 in plasma is about 1.3 hours indicating that virions present in 
this compartment have been produced very recently 8. HIV-1 RNA sequences in plasma are 
therefore likely to be representative for replication competent virus. As these virions are 
being produced by peripheral blood mononuclear cells (PBMCs), this cell compartment 
also harbors replication competent virus. However, PBMCs are also the viral archive as 
they accumulate integrated viral DNA from defective viruses 9.  
To study biological properties of HIV-1 in vitro, ideally replication competent virus from 
plasma should be used. However, the efficiency of virus isolation from plasma is very low. 
Alternatively, HIV-1 can be isolated from patient PBMCs by coculture with stimulated 
healthy donor PBMCs 10,11. As bulk virus isolations will result in the rapid selection of the 
HIV-1 variant that was present in the patient and that is most fit for replication in PBMCs 
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in vitro 9,12,13 we designed a protocol in which limiting numbers of HIV-infected donor 
PBMCs and stimulated healthy donor PBMCs are mixed in multiple parallel cocultures, 
resulting in the isolation of clonal HIV-1 variants that co-existed in the viral quasispecies in 
vivo 14.  This isolation procedure allows for the isolation of multiple coexcisting HIV-1 
variants from a single PBMC sample, avoiding outgrowth and loss of slowly replicating 
variants 11. 
To examine whether clonal HIV-1 variants are a good representation of the replication-
competent viral quasispecies in plasma we conducted a longitudinal study in which we 
compared HIV-1 env sequences from clonal HIV-1 variants that had been isolated from 
limiting diluted HIV-infected patient cells, with env sequences from the contemporaneous 
viral quasispecies in plasma of 5 individuals throughout the course of HIV-1 infection. We 
demonstrate that clonal HIV-1 variants are genetically stable during long-term culture 
implying that preparation of viral stocks for phenotype studies on clonal HIV-1 variants is 
possible without disturbing the genotype. 
 
Materials and Methods 
Study subjects 
Five participants from the Amsterdam Cohort Studies on HIV-1 infection and AIDS 
(http://www.amsterdamcohortstudies.org) were selected for this study. Selection was based 
on differences in host- and viral factors that are known to influence disease course (Table 
I).  
The Amsterdam Cohort Studies are conducted in accordance with the ethical principles set 
out in the declaration of Helsinki and written consent was obtained prior to data collection. 
The study was approved by the Academic Medical Center institutional medical ethics 
committee.  
 
Isolation of clonal HIV-1 variants 
Clonal HIV-1 variants were obtained by cocultivation of increasing numbers of patient 
PBMCs, that were obtained throughout the course of HIV-1 infection, with 2-3 day 
phytohemagglutinin (PHA) stimulated PBMCs from a healthy donor (PHA-PBMCs) as 
described previously 11,14. Prior to cocultivation, PBMCs from a healthy donor were 
cultured in Iscoves Modified Dulbecco’s Medium (IMDM) supplemented with 10% Fetal 
Calf Serum (FCS; Hyclone), 1 μg/ml PHA (Welcome), Penicillin/Streptomycin 
(Pen/Strep;Gibco Brl), 5μg/ml Ciprofloxacin (Bayer) for 2-3 days in a culture flask at a cell 
density of 5x106/ml. Clonal virus variants were isolated in multiple cocultivations of 5,000-
40,000 patient PBMCs with 105 PHA-PBMCs in a final volume of 150 µl IMDM-IL2 
medium (IMDM supplemented with 10% FCS (Hyclone), Pen/Strep (Gibco Brl), 10 U/ml 
rIL-2 (proleukin; Chiron Benelux BV), 5μg/ml Ciprofloxacin (Bayer) and 5μg/ml 
polybrene (Sigma) for 35 days in a 96-well flat-bottom microtiter plate. Every week, 
culture supernatants were tested for virus production in an in-house Gag p24 antigen 
capture enzyme-linked immunosorbent assay (ELISA). At the same time, one-third of the 
culture volume was transferred to new 96-well plates and fresh PHA-stimulated healthy 
donor PBMCs were added to propagate the culture. Virus cultures were expanded by 
cocultivation of p24 positive microcultures with 5x106 PHA-PBMCs at a density of 
1x106/ml IMDM-IL2 medium supplemented with 10% FCS (Hyclone), Pen/Strep (Gibco 
Brl), 10 U/ml rIL-2 (proleukin; Chiron Benelux BV), 5μg/ml Ciprofloxacin (Bayer) and 
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5μg/ml polybrene (Sigma) in a culture flask. From all subjects, longitudinal virus isolations 
were performed from 3 to 5 time points throughout the course of infection. 
All isolated HIV-1 variants were tested for co-receptor usage in the MT-2 cell assay 11 and 
these results were confirmed with V3 amino acid sequences and the PSSM matrix to 
predict co-receptor usage 15. This same method was used to predict co-receptor usage for 
viral sequences obtained from plasma. 
 
DNA isolation, HIV-1 RNA isolation from plasma, cDNA synthesis, PCR amplification and 
sequencing  
Total DNA was isolated from healthy donor PBMCs in vitro infected with clonal HIV-1 
isolates using the L6 isolation method 16. From all subjects, plasma samples were available 
from the same time points from which clonal HIV-1 virus isolation was performed (Table 
I). Viral RNA was isolated from plasma or serum using the QIAgen Viral RNA Mini Kit 
and reverse transcribed into cDNA with Superscript II RnaseH Reverse Transcriptase 
(Invitrogen). 
From the isolated DNA (from PBMCs infected with clonal HIV-1 variants) or synthesized 
cDNA (from plasma RNA) the V3-V4 env region was amplified in a nested PCR with the 
following primer combinations for env: outer primers seq2 (5’-TCCCTCATATCTCCTCC 
TCCAGGTC-3’) and seq3 (5’-TATGGGATCAAAGCCTAAAGCCATG-3’), inner 
primers seq5 (5’-GTCAACTCAACTGCTGTTAAATGGC-3’) and seq6 (5’-ATCTAATT 
TGTCCACTGATGGGAGG-3’) (outer and inner PCR temperature program for env: 97°C, 
5’, 35 cycles of 97°C 45’’, 50°C 45’’, 62°C 90’’, 62°C 6’, 4°C indefinite). 
Bulk PCR products resulting from plasma RNA were cloned in the pGEM-Teasy Vector 
system (Promega) and transformed into DH5α competent cells (Invitrogen). To avoid 
resampling a maximum of 2 clones obtained from one independent PCR were sequenced. 
Subject 19858 had a viral load of <2,000 copies/ml during the first sampling time point, 
and from this sample only one clone was sequenced that was obtained from one 
independent PCR. PCR products from the clonal HIV-1 variants and cloned PCR products 
from plasma RNA were purified using EXOSAP-IT (USB, USA ) and sequenced using the 
ABI prism Big Dye Terminator v1.1 Cyclesequencing Kit (Applied Biosystems) using the 
nested PCR primers. Sequences were analyzed on the Applied Biosystems/Hitachi 3130 xl 
Genetic Analyzer.  
 
Long-term culture of clonal HIV-1 variants  
A total of 5 clonal HIV-1 variants of 5 different individuals were tested on genetic stability 
during long-term in vitro culture on primary PBMCs. Each of 5 clonal HIV-1 variants was 
propagated in 96 parallel microcultures. For all viruses, a single pool of healthy donor 
PBMCs were used. The PBMC pool consisted of buffy coats from 10 healthy, CCR5 wild 
type blood donors.  PBMCs were isolated, pooled, aliquoted, and cryopreserved. Three 
days prior to inoculation, cryopreserved pooled PBMCs were thawed and stimulated with 
PHA in IMDM medium. The titres of the virus stocks were quantified by determination of 
the 50% tissue culture infectious dose (TCID50) in these PHA-stimulated PBMCs. The 
same PBMC pool was then used for the long-term culture experiments. In brief, 100 
TCID50 of each clonal HIV-1 variant was used for inoculation of 105 PHA-PBMCs in a 
final volume of 100 µl IMDM-IL2 medium in 96 parallel microcultures per virus variant.  
All cultures were maintained for 5 months. Every week, virus production in all parallel 
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cultures was confirmed using our in-house Gag p24 antigen capture ELISA. At the same 
time, one-third of the culture volume was transferred to new 96-well plate and new PHA-
stimulated PBMCs from the pool of healthy donors were added to propagate the culture. 
After 5 months, PBMCs from 12 parallel microcultures were pooled and DNA was isolated 
from these pools using the L6 isolation method, resulting in 8 DNA samples per clonal 
HIV-1 variant. DNA from the V3-V4 env region was amplified and sequenced as described 
above. 
  
Phylogenetic analysis 
Sequences of env gp120 were manually aligned using ClustalW included in the software 
package BioEdit 17 (BioEdit v 7.0.5, Tom Hall, Ibis Therapeutics, Carlsbad, CA). The 
matrix of the aligned sequences was imported into the tree building software PAUP* 18 
(http://paup.csit.fsu.edu/), and a neighbour-joining (NJ) tree 19 was reconstructed under the 
Hasegawa-Kishino-Yano (HKY85) model of evolution 20. The robustness of the NJ 
phylogeny was assessed by bootstrap analysis with 1,000 rounds of replication. 
Pairwise nucleotide distances and divergences were calculated with the Tamura-Nei model 
of evolution included in the software package MEGA 3.1. 
Differences in diversity and divergence in V3V4 sequences were calculated between 
plasma and clonal HIV-1 variants of identical time points and compared in a Wilcoxon test 
as implemented in GraphPad Prism 4 (GraphPad Software, USA). 
 
Results 
Patient characteristics 
To study the temporal relationship between replication competent HIV-1 isolated from 
PBMCs and viral RNA in plasma, we compared sequence changes in HIV-1 env V3V4 in 
longitudinally obtained replication competent clonal HIV-1 variants isolated from PBMCs 
and HIV-1 RNA from plasma from 5 individuals with a differential course of HIV-1 
infection. Selection of patients was based on the absence or presence of X4 HIV-1 variants 
late in infection, and the presence or absence of the CCR5 ∆32 allele (Table I). HIV-1 env 
V3V4 sequences from plasma and sequences from replication competent clonal HIV-1 
variants were obtained at 3 to 5 time points throughout the course of infection. Coreceptor 
usage of replication competent HIV-1 variants and plasma derived env V3V4 sequences 
was determined by the MT-2 cell assay 11 and the PSSM matrix prediction program 15. 
Follow-up during this study was at least 2.5 years with a median time of 4.8 years. All 
individuals were therapy naive during the study period. 
 
Phylogenetic analysis of env V3V4 sequences from plasma and from replication competent 
clonal HIV-1 variants from PBMC 
Neighbour-joining phylogenetic analysis of all env V3V4 nucleotide sequences was 
performed to determine the evolutionary relationship of the HIV-1 quasispecies in plasma 
and the quasispecies of replication competent HIV-1 in PBMCs throughout the course of 
HIV-1 infection. HIV-1 env V3V4 sequences from each individual clustered in a 
monophyletic group, supported by high bootstrap values (Figure 1).  
From all subjects except 19858, env V3V4 sequences of R5 variants from the first time 
point from either plasma or clonal HIV-1 variants, clustered together but separately from 
env V3V4 sequences obtained at later time points. 
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In subject 19858, env V3V4 sequences obtained at the first timepoint (39 months after the 
imputed seroconversion date (SC)) clustered with env V3V4 sequences that were obtained 
66.5 after the imputed SC date. From this same subject, env V3V4 sequences derived from 
the third and fourth time point, which were 90.5 and 105 months after the imputed SC date, 
respectively, clustered together. However, also for this patient, within these clusters, the 
env V3V4 sequences from isolated clonal HIV-1 variants and plasma derived sequences 
intermingled. 
 
 
Table I Clinical characteristics of the participants  
Subject number of sequences analyzed 

 plasma cells 

  

sampling time 
after SC or 

imputed SC date* 
(months) R5 X4 R5 X4 

CD4 
count 

(cells/µl) 

HIV-1  
RNA load 
(copies/ml) 

X4 
emergence 
(months) 

CCR5 
genotype 

HLA typing 
(A and B locus)  

19858 39* 2  6  720 1300 na WT/WT A2, A3,  
 67* 5  5  570 8700   B8, B51 
 91* 5  4  530 12000    
 105* 5  6  310 38000    
           

19828 5 6  6  1580 35000 na WT/∆32 A3, A24,  
 22 6  2  680 48000   B7, B39 
 25 6  3  1300 35000    
 48 10  11  800 170000†    
           

19296 46* 9  8  470 8400† 61 WT/∆32 A2, A24,  
 64* 1 6 4 9 610 82000   B18, B51 
 72* 5 5 6 5 210 180000    
           

18887 3 3  2  1060 8800 26 WT/WT A1, A11,  
 25 6  6  870 28000   B*5701,B*0801 
 32 5 4 2 4 820 33000    
 69 6  3 2 490 57000    
           

19829 9 8  8  500 14000 60 WT/WT A2, A3,  
 51 8  9  1020 na   B7, B61 
 60 6  4 1 390 7700†    
 66 12  9 2 430 74000†    
 88 11  4 4 130 270000    

†Plasma RNA load determined 3 months prior of after the time point of virus isolation 
 
For all other patients except patient 18887, the env V3V4 sequences obtained during 
subsequent follow-up did not cluster per time point. In addition, there was also no separate 
clustering of env V3V4 sequences derived from plasma or the env V3V4 sequences derived 
from clonal HIV-1 variants at any of the time points analyzed. However, for env V3V4 
sequences from subject 19829, two branches of env V3V4 sequences could be 
distinguished, one with a more pronounced evolution of env V3V4 sequences derived from 
plasma and the other one with a more pronounced evolution of env V3V4 sequences 
derived from clonal HIV-1 variants. 
In the three subjects that harbored X4 variants (19296, 18887, and 19829) env V3V4 
sequences from X4 variants clustered separately from env V3V4 sequences derived from 
R5 variants, again irrespective of the time points of analysis. For subjects 19296 and 18887, 
intermingling of env V3V4 sequences obtained from isolated clonal HIV-1 variants and 
plasma derived sequences was observed within the cluster of X4 variant sequences. From 
subject 19829, X4 sequences were only present in clonal HIV-1 variants that were isolated 
from PBMCs but completely absent or below the limit of detection in the plasma 
compartment.    
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Figure 1 Phylogenetic analysis of HIV-1 V3V4 env sequences derived from plasma or from clonal HIV-1 variants 
isolated from PBMCs from 5 subjects from the Amsterdam Cohort. Shown is a neighbor-joining tree with 
bootstrap values. Open symbols represent env V3V4 sequences from clonal HIV-1 variants, closed symbols 
represent sequences from plasma. Env V3V4 sequences from predicted R5 variants are shown in black, from 
predicted X4 sequences are shown in grey. Symbols for time points: first: ■, second: ●, third: ▲, fourth:     , and 
fifth: ♦.   
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Diversity of env V3V4 sequences from HIV-1 from different blood compartments 
Diversity of env V3V4 sequences obtained from viral RNA in plasma and from replication 
competent clonal HIV-1 variants from PBMCs was calculated to assess whether intra-host 
HIV-1 diversification was different in these two compartments. To calculate the env V3V4 
sequence diversity, the mean and standard deviation values were determined for pair-wise 
DNA distance of viral env V3V4 sequences obtained from plasma, and from replication 
competent clonal HIV-1 variants from PBMCs (Table I supplementary data). Diversity of 
env V3V4 sequences from plasma and from clonal HIV-1 variants isolated from PBMCs 
from individuals were calculated per time point and compared in a Wilcoxon test.   
In 3 out of 5 subjects (19296, 19828 and 18887) there was a significant difference in 
diversity of V3V4 sequences on at least one time point, although there was no obvious 
trend towards a higher diversity in V3V4 sequences from either plasma or clonal HIV-1 
variants (Figure 2, left panel). For viruses from subject 19858, diversity in env V3V4 from 
plasma and clonal HIV-1 variants was similar at all time points. There was a significant 
difference in diversity of env V3V4 sequences at 3 out of 5 time points between plasma 
HIV and cell derived HIV-1 from subject 19829, which was always higher for the clonal 
HIV-1 variants.   
Subjects 19296, 18887, and 19829 harbored both R5 and X4 variants. Therefore the 
diversity of the env V3V4 region in clonal HIV-1 variants and in viral RNA in plasma was 
also calculated separately for R5 variants. In all three subjects differences in diversity of 
env V3V4 in R5 variants were similar to the differences in diversity in calculations that 
included both R5 and X4 variants (Table I supplementary data). However, in X4 HIV-1 
obtained 32 months after SC from subject 18887, diversity in env V3V4 from plasma was 
significantly different from diversity in V3V4 Env from clonal X4 HIV-1 variants isolated 
from PBMCs. In contrast, diversity of env V3V4 in X4 variants from plasma and clonal X4 
HIV-1 variants obtained at 63.5 and 72.2 months after SC from subject 19296 was similar 
(Table I supplementary data).  
 
Divergence of env V3V4 sequences from HIV-1 from different blood compartments 
To assess the evolution rate of replication competent HIV-1 variants in PBMCs and viral 
RNA in plasma, we calculated divergence for the env V3V4 region (Figure 2, right panel).  
In 4 out of 5 subjects (19828, 19829, 19858 and 18887) there was a significant difference 
in divergence of V3V4 sequences during at least 2 periods in the course of infection, 
although there was no obvious trend towards a higher divergence in env V3V4 sequences 
isolated from either plasma or clonal HIV-1 variants (Figure 2, right panel). In subject 
19296 there was a significant difference in divergence of V3V4 sequences during the whole 
study period which was always higher for the env V3V4 sequences isolated from plasma.  
Next we calculated the divergence in the env V3V4 region of only the R5 HIV-1 variants 
of patients 19296, 18887 and 19829 who harbored coexisting R5 and X4 variants. Again 
the differences in divergence of env V3V4 sequences within R5 variants obtained from 
plasma or clonal HIV-1 varianst were comparable to the calculations that included both R5 
and X4 variants (Table II supplementary data). Excluding R5 HIV-1 sequences revealed 
that divergence of env V3V4 in X4 HIV-1 from either plasma or clonal X4 HIV-1 variants 
from PBMCs from subject 19296 was similar (Table II supplementary data).  
Overall, no major differences in intrahost diversity and divergence of HIV-1 env V3V4 in 
plasma and in clonal HIV-1 variants isolated from PBMCs were observed. 
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Figure 2 Diversity and divergence of HIV-1 env V3V4 sequences derived from plasma and from clonal HIV-1 
variants isolated from PBMCs from 5 subjects from the Amsterdam Cohort. In the left panels the diversity is 
shown. Squares represent env V3V4 sequences derived from plasma, triangles represent env V3V4 sequences 
derived from clonal HIV-1 variants isolated from PBMCs. The right panel shows the divergence of env V3V4 
sequences derived from plasma or clonal HIV-1 variants isolated from PBMCs, in different periods during follow-
up. Significant P values are indicated by asterisks, *:p<0.05, **: p<0.01, ***: p<0.001. 
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Genetic stability of HIV-1 during long-term in vitro replication   
To assess the genetic stability of HIV-1 during culture in PBMCs, we performed a long-
term culture of 5 clonal HIV-1 variants. To account for a large enough dynamic HIV-1 
population size, we performed these long-term cultures in 96 replicates per clonal HIV-1 
variant. Cultures were maintained for 5 months, during which they were refreshed with new 
target cells every week to propagate viral replication. To limit the number of samples for 
sequence analysis, PBMCs from 12 parallel microcultures were then pooled and DNA was 
isolated resulting in 8 DNA samples per clonal HIV-1 variant. DNA from the env V3V4 
region was amplified and sequenced. In the 8 DNA samples that were tested per clonal 
HIV-1 variant we found a maximum of 3 nucleotide changes in V3V4 per variant. Almost 
all nucleotide changes were found in all 8 DNA samples. In the cultures of HIV-1 variant 5 
and variant 3, one nucleotide change (T936M/W) was present in only 4 out of 8 DNA 
samples and one nucleotide change (T939A/W) was present in 6 out of 8 DNA samples 
respectively.  
In the env V3V4 region of the first HIV-1 variant, one synonymous mutation (T766C; 
position 766 in consensus B) and 1 non-synonymous mutation (T936G resulting in a F312L 
amino acid substitution) occurred. In env V3V4 of the second HIV-1 variant that was used 
for long-term propagation, 1 synonymous (T822C) and 2 non-synonymous mutations were 
observed (T839W/A and A1027G nucleotide substitutions resulting in I280N and K343E 
amino acid substitutions, respectively). 
The third HIV-1 variant revealed 2 nucleotide changes in the same codon (T934Y/R and 
T936A/W), resulting in an F to L/I/V AA change at position 312. The env V3V4 region of 
the fourth HIV-1 variant did not reveal any nucleotide changes during the 5 month culture 
period while the 5th HIV-1 variant revealed nucleotide changes C824T and T936M/W, 
resulting in AA substitution T275M and F312L, respectively.  
These results imply that clonal HIV-1 variants in general are genetically stable, suggesting 
that it is highly unlikely that during the relatively short-term culture required for virus 
isolation, mutations may occur that could influence the phenotype of the clonal virus 
variant. 
 
Discussion 
The relevance of studies with clonal HIV-1 variants isolated from patient PBMCs has been 
debated as it remained to be established if the replication competent quasispecies in 
PBMCs is similar to the viral quasispecies in plasma, which is generally considered to 
represent the replication competent virus population in vivo. In our present study we 
analyzed whether replication competent clonal HIV-1 variants isolated from patient 
PBMCs via a limiting dilution method are indeed representative for the replication 
competent HIV-1 quasispecies in plasma. We studied sequences of the gp120 envelope 
variable loops V3 and V4 as these may be considered representative for HIV-1 genotype 
diversity. Indeed, during chronic infection a 3 to 5% variation in envelope within a single 
patient has been observed 21,22 and sequence variation in V3V4 may affect  phenotypical 
characteristics of the virus, such as coreceptor specificity, cytopathogenicity, ability to form 
syncytia, replication fitness and sensitivity to neutralizing antibodies 23-30.      
Phylogenetic analysis of all env V3V4 nucleotide sequences was performed and overall we 
found a close evolutionary relationship of the HIV-1 quasispecies in plasma and the 
quasispecies of replication competent virus in PBMCs throughout the course of infection. 
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In general, diversity and divergence for env V3V4 sequences obtained from plasma and 
clonal HIV-1 variants from PBMCs were similar. However, significant differences in 
diversity and divergence could be seen for env V3V4 sequences at some time points 
throughout infection. However, as there was no pattern towards a higher diversity and 
divergence in V3V4 sequences isolated from plasma or PBMCs, these differences are most 
likely the consequence of a stochastic effect during sampling. Altogether, the results of our 
present study show that clonal HIV-1 variants obtained from parallel micro-cocultures of 
limiting diluted HIV-1 infected patient cells and PHA stimulated PBMCs from healthy 
donors are in general an excellent representation of the contemporaneous viral quasispecies 
in plasma in vivo. Indeed, from 5 longitudinally studied individuals the sequences of the 
gp120 Env V3V4 region of clonal HIV-1 variants isolated from PBMCs were similar to the 
gp120 Env V3V4 sequences present in plasma.    
Our results are in line with previous studies which demonstrated that the kinetics of viral 
load changes and the emergence of drug resistance mutations in HIV-1 in both 
plasma/serum and in productively infected cells were highly correlated 31-34. Indeed, these 
data support a model in which cell free virions in plasma are being produced by PBMCs 
and/or immediately infecting PBMCs, indicating that plasma and PBMCs represent closely 
related if not the same viral compartment. 
A previous study by Simmonds et al 35 compared sequences from HIV-1 RNA in plasma 
with viral DNA in HIV-infected PBMCs and observed a significantly different composition 
of virus populations in plasma and PBMCs. In that study, however, no distinction was 
made between replication competent HIV-1 in PBMCs and defective viral genomes that 
may accumulate over time in long lived PBMCs.  
Subject 19829 had a significantly higher diversity in envV3V4 sequences from clonal HIV-
1 variants than from plasma in 3 out 5 time points analyzed and phylogenetic analyses of 
HIV-1 gp120 V3V4 sequences revealed mostly separate clustering of sequences derived 
from the two compartments. Furthermore, env V3V4 sequences predictive of an X4 
phenotype were only observed in clonal HIV-1 variants isolated from PBMC and not in 
plasma derived sequences. It is tempting to speculate that the higher sensitivity of X4 HIV-
1 variants to antibody neutralization, as observed in at least some patients, including this 
patient 36, is incompatible with a cell free state of X4 viruses, which could explain their 
absence in plasma in patient 19829.  
Three previous studies have addressed the question of viral population changes associated 
with PBMC cocultures 9,12,13. These authors concluded that a minor HIV-1 variant usually 
dominates the co-culture in vitro. These studies however, were based on virus isolation in 
bulk cocultures which may result in the isolation of one or few replication competent HIV-
1 variants present in the patient’s PBMCs, presumably those with the most fit phenotype 
for in vitro growth during virus isolation. 
Although clonal virus isolation does not suffer from the competitive selection bias as seen 
in bulk cultures, a point of concern for working with cultured viruses is that mutations that 
would revert in the absence of selection pressure in vivo may occur during the virus 
isolation procedure or during subsequent expansion of the virus stock. Indeed, our group 
previously showed an increased neutralization sensitivity after long-term passage on 
primary PBMC of the HIV-1 IIIB strain that had become neutralization resistant during in 
vivo passage in an accidentally infected laboratory worker 37. In this case, however, one 
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could argue that the virus reverted to its original neutralization sensitive phenotype for 
which only minimal changes were required. 
Here we showed that during a 5 months culture period of 5 clonal HIV-1 variants in 96 
replicate microcultures per virus, only a maximum of 3 nucleotide changes in the V3V4 
region had occurred per virus variant. Interestingly, a nucleotide change that resulted in an 
amino acid change at position 312 in gp120 Env was found in 3 out of 5 longitudinally 
cultured clonal HIV-1 variants and in the majority of the parallel cultures. This may suggest 
that certain positions in the viral genome are more prone to mutations, which is in line with 
recent findings 38. The low number of mutations, together with the fact that some nucleotide 
mutations were even silent, may indicate that it is highly unlikely that during the culture 
period for virus isolation mutations will occur that significantly influence viral phenotype 
or genotype. Apparently, in the absence of immune surveillance in vitro in the presence of 
sufficient numbers of target cells, selection pressure on HIV-1 is low, resulting in a 
relatively stable genotype in vitro.   
The major advantage of working with replication competent clonal HIV-1 variants is that 
biological properties of the virus can be studied in the context of the original genetic 
background which obviously is not the case with cloned viral gene fragments from plasma 
in the background of a molecular HIV-1 clone. Moreover, the complete viral genome can 
be studied in relation to biological properties of the virus. The data presented here support 
that clonal HIV-1 variants isolated from PBMCs are a good representation of replication 
competent HIV-1 in vivo.     
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Table I supplementary data Nucleotide sequence diversity of the env V3V4 region 

 

Subject Time of samples compartment coreceptor usage Diversity sd 
  (months)         

19858 39 plasma R5  0.007 0.004 
  PBMC R5  0.02 0.004 
 66.5 plasma R5 0.034 0.006 
  PBMC R5 0.028 0.005 
 90.5 plasma R5 0.061 0.008 
  PBMC R5 0.043 0.007 
 105 plasma R5 0.074 0.009 
  PBMC R5 0.066 0.008 

19828 4.5 plasma R5 0.009 0.003 
  PBMC R5 0.005 0.002 
 22 plasma R5 0.042 0.006 
  PBMC R5 0.031 0.008 
 25 plasma R5 0.043 0.007 
  PBMC R5 0.048 0.008 
 48 plasma R5 0.035 0.005 
  PBMC R5 0.055 0.007 

19296 46 plasma R5 0.014 0.003 
  PBMC R5 0.016 0.004 
 63.5 plasma R5 na na 
  PBMC R5 0.017 0.004 
  plasma X4 0.033 0.005 
  PBMC X4 0.026 0.005 
  plasma R5+X4 0.034 0.005 
  PBMC R5+X4 0.031 0.005 
 72.2 plasma R5 0.028 0.005 
  PBMC R5 0.013 0.003 
  plasma X4 0.031 0.006 
  PBMC X4 0.033 0.006 
  plasma R5+X4 0.038 0.005 
  PBMC R5+X4 0.03 0.005 

18887 3 plasma R5 0.007 0.003 
  PBMC R5 0.009 0.004 
 25 plasma R5 0.012 0.004 
  PBMC R5 0.014 0.003 
 32 plasma R5 0.017 0.004 
  PBMC R5 0.006 0.004 
  plasma X4 0.035 0.007 
  PBMC X4 0.018 0.005 
  plasma R5+X4 0.036 0.005 
  PBMC R5+X4 0.026 0.005 
 69 plasma R5 0.02 0.004 
  PBMC R5 0.034 0.008 
  plasma X4 na na 
  PBMC X4 0.04 0.009 
  plasma R5+X4 0.02 0.004 
  PBMC R5+X4 0.054 0.008 

19829 8.5 plasma R5 0.014 0.003 
  PBMC R5 0.013 0.003 
 50.5 plasma R5 0.022 0.004 
  PBMC R5 0.04 0.005 
 59.5 plasma R5 0.016 0.004 
  PBMC R5 0.045 0.007 
  plasma X4 na na 
  PBMC X4 na na 
  plasma R5+X4 0.024 0.004 
  PBMC R5+X4 0.041 0.006 
 65.5 plasma R5 0.028 0.005 
  PBMC R5 0.031 0.006 
  plasma X4 na na 
  PBMC X4 0.011 0.004 
  plasma R5+X4 0.028 0.005 
  PBMC R5+X4 0.031 0.005 
 88 plasma R5 0.024 0.004 
  PBMC R5 0.017 0.004 
  plasma X4 na na 
  PBMC X4 0.009 0.003 
  plasma R5+X4 0.024 0.004 
  PBMC R5+X4 0.031 0.006 
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Table II supplementary data Nucleotide sequence divergence of the env V3V4 region 

 
 
 

Subject Time of samples compartment coreceptor usage divergence sd 
  (months)         

19858 39 vs 66.5 plasma R5  0.055 0.009 
  PBMC R5 0.027 0.005 
 66.5 vs 90.5 plasma R5 0.065 0.008 
  PBMC R5 0.061 0.009 
 90.5 vs 105 plasma R5 0.069 0.007 
  PBMC R5 0.067 0.008 

19828 4.5 vs 22 plasma R5  0.035 0.005 
  PBMC R5 0.02 0.006 
 22 vs 25 plasma R5 0.043 0.007 
  PBMC R5 0.054 0.008 
 25 vs 48 plasma R5 0.057 0.008 
  PBMC R5 0.06 0.007 

19296 46 vs 63.5 plasma R5 0.045 0.007 
  PBMC R5 0.032 0.007 
 63.5 vs 72.2 plasma R5 0.022 0.008 
  PBMC R5 0.016 0.007 
 63.5 vs 72.2 plasma X4 0.037 0.007 
  PBMC X4 0.034 0.007 
 46 vs 63.5 plasma R5+X4 0.054 0.008 
  PBMC R5+X4 0.041 0.007 
 63.5 vs 72.2 plasma R5+X4 0.039 0.005 
  PBMC R5+X4 0.033 0.007 

18887 3 vs 25 plasma R5 0.019 0.004 
  PBMC R5 0.016 0.006 
 25 vs 32 plasma R5 0.031 0.007 
  PBMC R5 0.03 0.005 
 32 vs 69 plasma R5 0.027 0.008 
  PBMC R5 0.039 0.012 
 32 vs 69 plasma X4 na na 
  PBMC X4 0.068 0.011 
 3 vs 25 plasma R5+X4 0.019 0.004 
  PBMC R5+X4 0.016 0.006 
 25 vs 32 plasma R5+X4 0.037 0.006 
  PBMC R5+X4 0.027 0.007 
 32 vs 69 plasma R5+X4 0.039 0.008 
  PBMC R5+X4 0.06 0.008 

19829 8.5 vs 50.5 plasma R5 0.046 0.008 
  PBMC R5 0.04 0.006 
 50.5 vs 59.5 plasma R5 0.026 0.004 
  PBMC R5 0.039 0.007 
 59.5 vs 65.5 plasma R5 0.031 0.005 
  PBMC R5 0.039 0.006 
 65.5 vs 88 plasma R5 0.04 0.006 
  PBMC R5 0.039 0.005 
 59.5 vs 65.5 plasma X4 na na 
  PBMC X4 0.012 0.01 
 65.5 vs 88 plasma X4 na na 
  PBMC X4 0.02 0.005 
 8.5 vs 50.5 plasma R5+X4 0.046 0.008 
  PBMC R5+X4 0.04 0.006 
 50.5 vs 59.5 plasma R5+X4 0.026 0.004 
  PBMC R5+X4 0.039 0.005 
 59.5 vs 65.5 plasma R5+X4 0.031 0.005 
  PBMC R5+X4 0.036 0.005 
 65.5 vs 88 plasma R5+X4 0.04 0.006 
  PBMC R5+X4 0.037 0.005 


