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We monitored the primary humoral response to human immunodeficiency virus type 1 infection and showed
that, in addition to antibodies to p24 and gp41, antigens which form the basis of most diagnostic assays, the
response included a significant antibody response directed to the gp120 region of the infecting viral quasi-
species. When tested in a recombinant virus neutralization assay, these antibodies were capable of inhibiting
viral growth. We found the primary viral quasispecies to solely utilize the CCR-5 chemokine receptor; however,
recombinant viruses differed in their cytopathology and in their sensitivity to b-chemokine inhibition of viral
growth. Sequence analysis of the gp120 open reading frames showed that amino acid changes in the C1 (D3G
at position 62) and C4 (V3A at position 430) regions accounted for the phenotypic differences. These data
demonstrate that early in infection, polymorphism exists in envelope glycoprotein coreceptor interactions and
imply that therapeutic strategies targeted at this step in the viral life cycle may lead to rapid resistance.

Primary infection with human immunodeficiency virus (HIV)
type 1 (HIV-1) is associated with a seroconversion illness char-
acterized by high plasma viral loads and a series of influenza-
like symptoms which can vary in severity. In this early phase of
infection, in the absence of a detectable immune response, the
virus replicates to a high titer, with plasma viral loads in excess
of 105 viral RNA (vRNA) copies per ml (15, 17). The severity
of the primary infection and its subsequent resolution are
prognostic indicators of subsequent disease course (24, 33).
This primary viremia is thought to be restricted by the host
immune response, in that plasma vRNA levels decrease simul-
taneously with the first detection of virus-specific antibodies
and cytotoxic T cells (CTL) (6, 10, 24, 34). The rate of plasma
viral clearance differs between infected individuals; the steady-
state or “set-point” vRNA load eventually reached has been
reported to be a prognostic marker for subsequent disease
progression (24, 27, 77). These observations imply that host
factors controlling the early clearance of viremia and the vRNA
load at which the set point is established define the subsequent
course of disease.

HIV-1 infects CD41 lymphocytes, monocytes, and dendritic
cells in the peripheral blood and lymphoid organs. However,
several authors have suggested that during sexual transmission,
the primary cell types targeted are Langerhans cells present
within the mucosae (20, 54, 58, 70). HIV entry into these cell
types is principally defined by the expression of CD4 and
chemokine receptors at the cell surface (3, 13, 19, 21–23). His-
torically, HIV isolates have been classified according to their
ability to induce cytopathic effects and have been designated
syncytium inducing (SI) or non-syncytium inducing (NSI) (66).
SI viruses are generally able to utilize the a-chemokine recep-
tor CXCR-4, which is expressed on naive T cells and the ma-

jority of immortalized cell lines, whereas NSI viruses can utilize
only members of the b-chemokine receptor family, principally
CCR-5 expressed on effector or memory T cells (3, 8, 13, 19,
21–23, 38, 75). However, such NSI viruses have been reported
to induce syncytia in cell lines expressing both CD4 and CCR-5
(57, 64); hence, these terms are no longer appropriate, and
viruses should be classified according to the coreceptor used.
Paxton and colleagues reported that lymphocytes from indi-
viduals homozygous for a defective CCR-5 allele (CCR-5 D32)
were resistant to infection with viruses utilizing CCR-5 but
sensitive to infection with viruses utilizing CXCR-4 (37, 55).
The relative resistance of individuals homozygous for the CCR-5
D32 allele suggests that this receptor is of critical importance for
transmission (7, 18, 62). The viral phenotype, defined in terms of
chemokine receptor dependency, may help identify the cell
types capable of supporting viral replication and hence the
tissue distribution of HIV during the primary infection (52).
The majority of individuals studied to date harbor viruses of
the NSI CCR-5-utilizing phenotype at seroconversion (16, 31,
60). However, the transmission of SI CXCR-4-utilizing viruses
has been reported (59, 67, 72); some of these have been asso-
ciated with a more rapid progression to disease (25, 66).

Several authors have demonstrated that CTL responses are
associated with the resolution of the primary viremia (10, 34,
53). However, in one case viruses were shown to “escape” from
an early CTL response which was predominantly targeted to
single epitopes (11). The data presented here demonstrate that
neutralizing antibodies may also be present at seroconversion
and may contribute to the early clearance of viremia (36). An-
tigenic polymorphism was observed between gp120 proteins
cloned from a single time point; furthermore, this variation re-
sulted in phenotypic changes with respect to virus-induced cyto-
pathology and sensitivity to neutralization by b-chemokines.

MATERIALS AND METHODS

Patient samples. A patient (HL60) presenting with influenza-like symptoms
was admitted to University College London Medical School and screened for
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HIV infection by use of four commercially available tests for the detection of
HIV-specific antibodies (Wellcozyme Immunometric 1 1 2 enzyme immunoas-
say [EIA], Wellcozyme competitive EIA, Fujirebio particle agglutination assay,
and Launch Diagnostics Anti 1 1 2 EIA). Initial screening was negative; how-
ever, 3 days after an admission, EDTA blood sample obtained for genetic
screening with the Roche Amplicor PCR test proved positive. The patient had
several potentially high-risk HIV exposures 2 to 3 weeks prior to admission.
Subsequent quantitative viral load determinations were performed on plasma
samples obtained 7, 9, 10, 11, 12, and 13 days after admission (Fig. 1). A very low
positive signal was obtained from the Wellcozyme Immunometric test at 9 days
postadmission; subsequent testing of later samples demonstrated an increased
signal. Results of all other tests performed on later samples were positive.

Cloning and expression of gp120 regions from the seroconversion samples.
Only serum and plasma samples were available from the patient. Total RNA was
therefore extracted from all available plasma samples (100 ml of plasma), and the
gp120 open reading frames (ORFs) were amplified by a nested reverse tran-
scription-PCR (RT-PCR) as described previously (26, 40, 51). PCR products
were not obtained from samples in which the vRNA load was below 30,000
copies/ml; however, products were obtained from samples collected 7, 10, 11, and
12 days postadmission. These PCR products were shown to be derived from at
least 100 cDNA copies of the gp120 template by limiting-dilution PCR (data not
shown). The insensitivity of the gp120 RT-PCR (1.5 kb) compared to the Roche
Amplicor PCR (0.4 kb) may be ascribed to the relatively longer cDNA synthesis.
PCR products from the day-7 and day-11 samples were cloned into expression
vector pcDNA3 and tested for their ability to express gp120 as described previ-
ously (51). Fourteen plasmids from each time point were transfected into
VTF7.3-infected 293 cells by use of calcium phosphate. Cell supernatants were
collected after 72 h, clarified by centrifugation at 1,500 3 g, and assayed for
gp120 levels in a quantitative gp120 capture enzyme-linked immunosorbent assay
(43). Expression-competent clones were identified, and the gp120 ORFs were
sequenced with a series of primers by use of a cycle sequencing protocol and an
Applied Biosystems 373A automated sequencer (5). Amino acid numbering was
based on the HXB2 gp120 sequence, with the first amino acid of the mature
protein being designated residue 31.

Antigenic characterization of gp120 proteins. Saturating concentrations (500
ng/ml) of soluble gp120 were tested for their ability to bind a pool of HIV-
positive human sera (QC256); patient HL60 sera; soluble CD4-immunoglobulin
(sCD4-Ig) (10 mg/ml) (Genentech, San Francisco, Calif.); and monoclonal anti-
bodies (MAbs) 38.1a, 10.46c, and 39.13g specific for residues overlapping the
CD4 binding site in a capture EIA as previously described (39, 43, 68). The strain
MN V3 peptide was obtained from the MRC ARP Repository (EVA7019;
CTRPNYNKRKRIHIGPGRAFYTTKNIIGTIRQAHC) and bound directly to
Immulon II EIA plates at 5 mg/ml in phosphate-buffered saline. Bound ligands
were visualized with either anti-human Ig–horseradish peroxidase or anti-rat
Ig–horseradish peroxidase (SeraLabs, Crawley, United Kingdom).

Generation and recovery of chimeric HXB2.gp120 viruses. A number of
pCDNA3 clones expressing gp120 capable of binding sCD4-Ig were chosen for
transfer into vector pHXB2-MCSDenv. Both pHXB2-MCSDenv and pCDNA3
gp120 plasmids were digested with BstEII/MluI, gel purified by the Geneclean
procedure, and ligated. Transformants were screened for an insert by PCR, and
plasmids were sequenced to verify the presence of the correct insert. All chimeric
HXB2.gp120 (HXB2 chimera expressing gp120 ORFs) plasmids (5 mg) were
transfected into HEK cells with Lipofectamine (Gibco BRL). At 48 h posttrans-

fection, the HEK cells were cocultured with 107 phytohemagglutinin (PHA)-
stimulated peripheral blood lymphocytes (PBL) for 24 h. The PBL were recov-
ered, washed, and cultured in interleukin 2 (IL-2)-containing RPMI medium for
21 days, with the addition of fresh uninfected PBL after 7 and 14 days. The
extracellular fluid was tested for the presence of soluble p24 antigen as described
previously (39). In addition, the extracellular supernatant from the transfected
HEK cells was used to infect U87.CD4 and Hos.CD4 cells expressing a range of
chemokine receptors as reported previously (64). Infection was monitored by the
production of both soluble and intracellular p24 antigens. Cells were fixed with
methanol-acetone (1:1 ratio; stored at 220°C) and incubated with MAbs specific
for p24 antigen (38.96K and EF7.1; MRC ARP Repository); bound antibodies
were detected with b-galactosidase-conjugated anti-mouse Ig and 5-bromo-4-
chloro-3-indolyl-b-D-galactopyranoside (X-Gal) as described previously (14).
Cells expressing p24 antigen gave rise to a colored focus; viruses capable of
inducing cytopathic effects resulted in multinucleated foci which can be quanti-
fied. In addition, virus-infected U87 cells were monitored for gp120-gp41 cell
surface expression 48 h postinfection by monitoring the binding of MAb 39.13g
by fluorescence-activated cell sorting as described previously (68).

Virus neutralization assays. Neutralization was assessed by two methods—
first by use of PHA-stimulated PBL as the target cells, with the determination of
soluble p24 antigen production as the end point (2, 63), and second by infection
of U87.CD4.CCR-5 cells, with quantification of intracellular p24 antigen as an
indicator of infection (40, 64). Primary viruses W6BC and SF162 (obtained from
the MRC ARP Repository) and an HXB2 chimera expressing the SF162 gp120
ORFs were used as positive controls in these assays. Sequential serum samples
from patient HL60 were incubated at 37°C for 1 h with a known infectious titer
of virus, 100 50% tissue culture infective doses for PBL infection or 100 focus-
forming units (FFU) for U87. CD4 cell infection. sCD4 and HIV-positive sera
(QC256 and 1785) were used as internal controls in all assays. Following the
virus-ligand incubation, the mixture was added to either 100,000 peripheral
blood mononuclear cells (mixed from two blood donors) in a final volume of 75
ml of RPMI medium–10% fetal calf serum–IL-2 (5 U/ml) or a 60% confluent
monolayer of U87.CD4.CCR-5 cells in a 48-well plate (Nunc). Cells were washed
on the following day and incubated at 37°C for 5 or 3 days, respectively. Neu-
tralization was defined as the ability of serum to inhibit virus replication, as
assessed by p24 antigen detection, where the sensitivity of the p24 antigen EIA
is 10 pg/50 ml. Neutralization therefore was classified as complete inhibition of
infection.

RANTES was a gift from L. Czaplewski and was tested for its ability to inhibit
HIV infection in PBL assays essentially as described above. With the exception
that the chemokine was incubated with the cells for 1 h before viral infection and
after washing, the chemokine was added back to the cells for the incubation
period of the assay (5 days).

Nucleotide sequence accession numbers. The nucleotide sequences for the six
gp120 clones sequenced here have been deposited with GenBank under acces-
sion no. AJ007943 to AJ007948.

RESULTS

Monitoring of the seroconversion process. Five different se-
rological tests for the presence of both HIV antigen (p24) and
HIV-specific antibodies were performed on five separate oc-
casions. All four antibody tests revealed a positive profile at the
last two sampling times, with all assays showing an increase in
reactivity between days 10 and 13. At the end of the hospital
stay, all of the antibody test values were inside the normal
range seen for these assays. Viral p24 antigen was detectable
only on day 7 of testing. Sequential viral RNA loads were
obtained with the Roche Amplicor PCR test and showed peak
viremia of 155,000 RNA copies/ml 11 days after admission,
declining to 5,000 copies by day 13 (Fig. 1). A significant
reduction in loads (.1 log unit) was seen between days 7 and
9; however, no clinical correlate was observed. It is interesting
to note that the day on which p24 antigen was detected in
plasma did not correlate with the time of peak viremia, sup-
porting the observation that p24 antigenemia may not reflect
the presence of virion-associated antigen. Point mutation as-
says of the RT gene sequence present in plasma RNA showed
the virus to be homogeneous for mutations at positions 41 (L)
and 215 (Y) of the pol gene, consistent with the presence of an
zidovudine-resistant virus (data not shown) (32).

Characterization of plasma-derived gp120 envelope glyco-
proteins. gp120 ORFs derived on days 7 and 11, the time
points as close as possible to the date of seroconversion, were
chosen for further study and cloned into pCDNA3 as previ-

FIG. 1. vRNA levels in plasma during acute seroconversion. The plasma
vRNA copy number was determined (vRNA copies per milliliter) at seven times
during the hospital stay by use of the Roche Amplicor assay. In addition, the
same samples were quantified for both p24 antigen and the presence of antibod-
ies specific for HIV antigens. Antigenemia was detectable only on day 7. HIV-
specific antibodies were detected from day 10 on. The day of seroconversion is
noted.
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ously described (26, 40, 51). Fourteen plasmids from each time
point were chosen for transfection into HEK cells to generate
recombinant glycoproteins. In the earlier sample (HL605), 11
of the 14 clones expressed gp120, whereas in the later sample
(HL612), 9 of the 14 clones were expression competent (Table
1). Of the 11 glycoproteins expressed from the first sample set,
3, HL605.25, HL605.55, and HL605.58, were unreactive with
both sCD4 and 39.13g, suggesting that they may be misfolded.
Similarly, of the nine glycoproteins generated from the second
sample set, two, HL612.77 and HL612.82, showed minimal
recognition of both sCD4 and 39.13g (Table 1). Six gp120
clones were sequenced, three from the first time point (clones
22, 24, and 25) and three from the second (clones 28, 30, and
31), including one of the clones (25) demonstrating poor re-
activity with sCD4. The inferred amino acid sequences are
shown in Fig. 2. Inspection of the sequences showed a low
degree of polymorphism, with no evidence for any systematic
change in sequence between the first and second samplings.
However, clone 25 was found to lack the N-terminal cysteine
residue of the V3 region (C3R), a finding which may result in
protein misfolding and altered antigenicity. Sequencing of the
other clones (55, 58, 74, 77, and 82) which failed to bind sCD4
showed that they all contained the C3R substitution at resi-
due 305 (data not shown).

Human serum antibody recognition of autologous gp120
envelope glycoproteins. Serum antibodies from patient HL60
were tested for their recognition of strain LAI and MN gp120,
autologous glycoproteins derived from pCDNA3 clones 22, 24,
25, 28, 30, and 31, and the strain MN V3 peptide. In addition,
the glycoproteins were tested for their ability to be recognized

by an HIV-positive serum pool (QC256) and by two conforma-
tion-dependent MAbs, 39.13g and 10.46c, specific for epitopes
overlapping the CD4 binding site (Table 2). HL60 serum sam-
ples obtained at 3, 9, and 11 days postadmission showed no re-
activity with any of the recombinant antigens tested. However,
the serum sample obtained from the last time point (day 13)
bound to all of the autologous proteins, with the exception of
HL605.25 which, as noted above, showed evidence of an al-
tered conformation. It is worth noting that this last serum
sample also failed to bind to the MN V3 peptide. In contrast,
the HIV-positive serum pool (QC256) bound to all of the pro-
teins equivalently (Table 2 and data not shown).

Phenotypic characterization of chimeric HXB2.gp120 vi-
ruses. Recombinant viruses were prepared from three of the
sequenced clones by transfer of the gp120 sequence into the
viable molecular clone pHXB2-MCS as described previously
(26, 39, 40). SF162 virus and an HXB2 chimera expressing the
SF162 gp120 ORF (derived from a molecular clone kindly
provided by C. Cheng-Mayer) were used as additional controls
to demonstrate that the transfer of a primary gp120 ORF to
HXB2 confers coreceptor usage and neutralization sensitivity
of the parental primary virus. Chimeric viruses expressing the
gp120 sequences of HL605.24, HL612.30, and HL612.31 were
generated and designated HXB2.605.24, HXB2.612.30, and
HXB2.612.31, respectively. Virus recovered after transfec-
tion of HEK cells was tested for its ability to replicate
in PBL and to infect U87.CD4 and Hos.CD4 cells and a
variety of chemokine receptors (Table 3). All three viruses
(HXB2.605.24, HXB2.612.30, and HXB2.612.31) replicated in
PBL with reduced kinetics compared to both the parental HXB2
and chimeric HXB2.SF162 viruses (Table 3). All three viruses
were able to replicate only in U87.CD4.CCR-5 cells (Table 4);
however, differences in cytopathology between clones was ob-
served (Fig. 3). Virus HXB2.605.24 was less able to induce cell
fusion with neighboring cells and to induce multinucleated
giant cells than viruses HXB2.612.30 and HXB2.612.31 (Fig.
3). This observation was observed with both HeLa and Hos
cells at various multiplicities of infection and hence was not
dose dependent (data not shown). To determine if the differ-
ences in cytopathology were due to variations in envelope
glycoprotein processing and/or expression, U87.CD4.CCR-5
cells were monitored 48 h postinfection for cell surface gp120
expression by fluorescence-activated cell sorting. Mean fluo-
rescence intensity values of 8.4, 68.4, 72.3, and 65.9 were ob-
tained for uninfected cells and cells infected with HXB2.605.24,
HXB2.612.30, and HXB2.612.31, respectively. Given the differ-
ences in cytopathology, we were interested to know if HXB2.605.
24 interacted with either CD4 or CCR-5 less efficiently than
HXB2.612.30 and HXB2.612.31. To test this idea, we com-
pared the sensitivity of the viruses to neutralization by the b-
chemokine RANTES and sCD4. All of the viruses were re-
sistant to the highest concentration of sCD4 tested (20 mg/
ml) (Table 5). HXB2.605.24 was resistant to neutralization
by RANTES, whereas HXB2.612.31 was completely neutral-
ized by RANTES at 100 ng/ml. In contrast, HXB2.612.30 dem-
onstrated an intermediate sensitivity to neutralization by the
chemokine (Table 5 and Fig. 4). All of these neutralization
assays were performed with PBL target cells; we failed to
demonstrate chemokine-mediated neutralization of virus in-
fection of U87.CD4.CCR-5 cells (data not shown).

We were interested to know if the autologous antibody rec-
ognition observed in Table 2 was capable of neutralizing in-
fection by these chimeric viruses. We therefore tested sera
from days 7, 11, and 13 postadmission for their ability to inhibit
virus infection of both PHA- and IL-2-activated PBL and
U87.CD4.CCR-5 cells. The serum sample obtained after 13

TABLE 1. Antigenic characterization of glycoproteins

Antigena
Recognition of gp120 by the following ligand (OD)b:

QC256 sCD4 39.13g 38.1a

Mock 0.05 ND ND 0.04

LAI 1.45 ND ND 1.43

605.22 1.57 0.74 0.90 1.45
605.24 1.50 1.34 1.41 1.47
605.25 1.47 0.07 0.09 1.41
605.49 1.57 1.36 1.51 1.40
605.51 1.65 1.14 1.32 1.60
605.54 1.56 1.35 1.42 1.52
605.55 1.61 0.07 0.10 1.56
605.56 1.61 1.31 1.50 1.62
605.57 1.51 0.93 1.37 1.40
605.58 1.61 0.07 0.07 1.54
605.59 1.66 1.35 1.45 1.58

612.30 1.52 1.05 1.42 1.46
612.28 1.62 1.30 1.35 1.47
612.31 1.55 1.24 1.39 1.55
612.74 1.53 0.25 1.04 1.43
612.75 1.56 1.35 1.52 1.52
612.77 1.40 0.08 0.14 1.37
612.78 1.61 1.27 1.40 1.50
612.79 1.51 1.30 1.43 1.56
612.82 1.36 0.07 0.09 1.33

a Mock indicates cell-free supernatant from transfection of a pCDNA3 clone
with no gp120 insert. LAI indicates cell-free supernatant from transfection of a
pCDNA3 clone carrying the HIV strain LAI BH10 sequence. Clone designations
are derived from the clinic number. Clones with the 605 prefix were derived from
plasma at day 7, and clones with the 612 prefix were derived from day-11 plasma.

b Results are shown as the mean optical density (OD) at 450 nm for three
replicate samples. ND, not determined. QC256 was tested at a final serum
dilution of 1/1,000, and sCD4 and MAbs 39.13g and 38.1a were used at 5 mg/ml.
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days was able to neutralize all of the chimeric viruses; however,
it failed to neutralize W6BC, SF162, HXB2, and the chimeric
virus HXB2.SF162 (29) (Table 5). All viruses were sensitive to
neutralization by serum from an individual who had been
shown to have a high-titer broadly cross-reactive neutralizing-
antibody response (74).

DISCUSSION
The results obtained from this patient clearly demonstrate a

seroconversion illness. Viral load estimates during seroconver-
sion were in excess of 105 copies per ml and subsequently
declined to 5,000 copies per ml over a 48-h period. Such a
reduction implies a strong immune response to the virus and
potent neutralization of infection (36). However, previous
studies on neutralization titers for sera derived from recently
infected individuals showed negligible activity against the
strains of HIV-1 tested (6, 44). Binley and colleagues (6) re-
ported the detection of HIV-specific serum antibodies shortly
after viral clearance, concluding that the humoral response was
not a significant component of this clearance. In contrast, sev-
eral studies have reported CTL activity in the CD81 popula-
tion concurrent with a decrease in plasma vRNA levels (11, 34,
53). However, the data presented here suggest that type-spe-
cific neutralizing antibodies can also be detected at serocon-
version and may play a role in reducing the primary viremic
phase.

In agreement with previous reports (1, 35, 76, 77), the viral
quasispecies present at seroconversion were found to be very
limited in polymorphisms, with mean pairwise intersequence

distances of ,1% (0.05 to 1.4%). The differences between
sequences included a number of polymorphisms which were
previously reported, a number of which occurred in more than
one sequence. Since the 14 clones analyzed were derived from
an initial PCR template of .100 cDNA molecules, these se-
quences are unlikely to have been derived from the same
molecule. Thirteen of the 19 polymorphisms were associated

TABLE 2. Autologous serum recognition of gp120a

Antigen
Recognition (OD) by: Serum antigen recognition

(OD) on day:

QC256 39.13g 10.46c 3 7 11 13

Mock 0.04 0.05 0.06 0.12 0.10 0.08 0.02
LAI 1.56 1.48 1.38 0.11 0.10 0.11 0.01
MN 1.72 1.62 1.82 0.09 0.11 0.08 0.09
MN V3 1.60 0.04 0.05 0.09 0.08 0.06 0.07

605.22 1.64 0.85 0.76 0.10 0.09 0.08 0.48
605.24 1.75 1.57 1.28 0.13 0.05 0.02 0.41
605.25 1.64 0.04 0.05 0.13 0.01 0.05 0.07
612.28 1.71 1.48 1.31 0.02 0.08 0.05 0.29
612.30 1.65 1.48 1.29 0.16 0.08 0.06 0.33
612.31 1.82 1.51 1.34 0.16 0.10 0.09 0.36

a All gp120 antigens were tested at a concentration of 500 ng/ml, as deter-
mined by a quantitative capture EIA (43). Results are shown as the mean optical
density (OD) at 450 nm for three replicate samples. The MN V3 peptide was
tested at a concentration of 5 mg/ml. All serum samples were tested at a final
serum dilution of 1/500.

FIG. 2. Predicted amino acid alignment of gp120 sequences. Peptide translation of gp120 sequences from clones obtained at days 7 (HL605.22, HL605.24, and
HL605.25) and 11 (HL612.28, HL612.30, and HL612.31) is shown. The consensus is shown above the alignment; departures are indicated by the single-letter amino
acid code.
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with amino acid sequence changes; the average ratio of syn-
onymous to nonsynonymous substitutions (Ds/Dn) seen be-
tween samples was 0.3, similar to that reported previously for
other sample sets of this type (4, 35, 76, 77). However, the
possibility cannot be ruled out that some of the changes seen
may have been due to PCR error. Eight plasmid constructs
failed to produce gp120 upon transfection into HEK cells; this
failure may have been the result of defective gp120 sequences
in vivo or an RT-PCR-derived mutation(s) in vitro. However,
PCR amplification, cloning, and expression of gp120 from 100
copies of the plasmid template failed to show any detectable
antigenic polymorphisms (47). Direct sequencing of PCR
products derived by limiting-dilution amplification of single
molecules of HIV-1 RNA showed that 10 to 30% of the se-
quences obtained from plasma demonstrated defects (frame-
shifts and/or stop codons) (76). Similar frequencies of defec-
tive clones were reported when methods based on the cloning
of PCR products were used (12, 28, 61). Taken together, these
experiments suggest that the majority of changes observed
reflect those present in vivo.

The observed amino acid differences between the clones
were not localized to any one region within gp120 (Fig. 2).
Several unique changes were seen and could be used to map
the residues important for defining differences in virus pheno-
type. We were surprised to find that pCDNA3 clones 22 and
31, both with sequence changes in the C4 region within the
epitope recognized by MAb 38.1a (39), bound the MAb with
affinities similar to those of the other glycoproteins tested,
suggesting that these substitutions have little effect on epitope

recognition by 38.1a or sCD4. We identified a common dis-
ruption in glycoprotein conformation, exemplified by negligi-
ble sCD4 binding and due to mutation of the N-terminal V3
cysteine (C3R), in 5 of the 20 clones expressing gp120 (Table
1). These glycoproteins were likely to have been misfolded.
This conclusion was further supported by their inability to bind
a number of conformation-dependent MAbs independent of
the CD4 binding site (data not shown). This polymorphism was
reported previously; however, the authors did not analyze the
possible effects of the mutation on glycoprotein folding (35).
Patient HL60 serum (day 13) recognized only autologous
gp120 proteins, with the exception of HL605.25, suggesting
that this early antibody response was both type specific and
sensitive to antigen conformation. The ability of this serum to
inhibit the growth of recombinant viruses carrying homologous
primary gp120 sequences also suggests that this early immune
response is neutralizing. Several reports suggest the V3 region
to be immunodominant and to be the primary target for the
first detectable antibody response (71) (reviewed in reference
45). We failed to detect HL60 serum (day 13) reactivity with
the MN V3 peptide. However, this finding may have been due
to differences in amino acid sequences between viruses (the
MN V3 sequence differs from the V3 sequence of the viruses

FIG. 3. Chimeric virus-induced cytopathology. U87.CD4.CCR-5 cells were
infected with 100 FFU of HXB2.605.24 (A) or HXB2.612.31 (B) per ml and fixed
with methanol-acetone at 72 h postinfection. Infected cells were visualized by the
detection of intracellular p24 antigen. Multinucleated foci are apparent in both
fields of view and are representative of the cytopathology observed throughout
the infected-cell population.

TABLE 3. Chimeric virus replication

Virus

Replication in PHA-stimulated PBL
(p24, ng/ml) at day postinfectiona:

3 5 8

SF162 3.4 12.3 18.5
HXB2 0.4 4.6 8.9
HXB2.SF162 1.2 9.3 12.3
HXB2.605.24 0.3 1.2 3.0
HXB2.612.30 0.4 2.0 5.2
HXB2.612.31 0.4 2.8 6.1

a Transfected HEK cell supernatants were normalized for p24 antigen levels
(1.5 ng) and used to infect 3-day-old PHA- and IL-2-activated PBL. Extracellular
fluid was harvested at 3, 5, and 8 days postinfection and assayed for p24 antigen.

TABLE 4. Chemokine receptor utilization

Virusa

Infection of the following CD41 cells
expressing the indicated receptorb:

U87-CD4 Hos-CD4

CCR-1 CCR-2b CCR-3 CCR-5 CXCR-4 Bonzo BOB

W6BC 2 1 11 1111 1111 2 2
SF162 2 2 2 111 2 2 1
HXB2 2 2 2 2 1111 2 2
HXB2.SF162 2 2 2 111 2 2 1
HXB2.605.24 2 2 2 1 2 2 2
HXB2.612.30 2 2 2 111 2 2 2
HXB2.612.31 2 2 2 111 2 2 2

a W6BC was used as a control for a virus that utilizes multiple receptors. In
contrast, SF162 and the HXB2 chimera expressing the SF162 gp120 ORFs were
able to utilize only CCR-5 and BOB.

b Infected cells were stained for intracellular p24 antigen. 2, no detectable
infection of cells; 1, .10 to ,50 FFU/ml; 11, .50 to ,200 FFU/ml; 111,
.200 to ,1,000 FFU/ml; 1111, .1,000 FFU/ml.
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studied here at 11 positions); alternatively, the V3 peptide may
be unable to present conformation-dependent epitopes. Simi-
larly, Bolognesi reported a type-specific V3-independent neu-
tralizing response elicited in chimpanzees after infection by a
primary HIV-1 strain, DH012 (9). These observations and oth-
ers (41, 42, 56, 73) suggest that the primary neutralizing re-
sponse to HIV-1 is type specific and may be independent of the
V3 region.

All of the chimeric viruses were able to infect only U87.CD4.
CCR-5 cells, suggesting that they were able to utilize only the
CCR-5 coreceptor. These data are consistent with reports sug-
gesting that the CCR-5 molecule is of critical importance for
viral transmission (7, 18, 62). However, differences were noted
in virus-induced cytopathology in U87.CD4.CCR-5 cells, where-
by HXB2.605.24 appeared to be less cytopathic than either
HXB2.612.30 or HXB2.612.31 (Fig. 3). No cytopathic effects
were observed upon infection of PBL (data not shown). The
inability of CCR-5-utilizing viruses to induce cytopathic effects
in PBL has been proposed to be due to the low level of CCR-5
expression on PBL, suggesting that coreceptor density may
partially define cytopathology (57). Since CXCR-4-utilizing pri-
mary viruses are cytopathic in PBL, despite similarly low levels
of CXCR-4 expression (data not shown), there may be differ-
ences in the affinity of the viral glycoprotein interaction be-
tween the CCR-5 and CXCR-4 coreceptors. The differences in
cytopathology noted between the chimeric clones in this study
are likely to reflect differences in the interaction of gp120 with
CCR-5. To further investigate this conclusion, we tested the
sensitivity of the chimeric viruses to neutralization by RAN-
TES. Surprisingly, HXB2.605.24 was resistant to RANTES at
concentrations of up to 800 ng/ml (Table 5 and Fig. 4). Previ-
ous authors also reported differences in the sensitivity of pri-
mary viruses to neutralization by b-chemokines (64). Schols
and colleagues (65) recently reported the in vitro selection
of a stroma-derived factor 1-a-resistant virus, suggesting
that chemokine-resistant viruses can be selected for; however,
such resistance was not associated with a change in coreceptor
usage. Preliminary comparison of the ability of gp120 from
HXB2.605.24 and HXB2.612.31 to compete with biotinylated
MIP-1b for binding to CCR-5-expressing cells suggests that
HXB2.605.24 gp120 is less able to compete for ligand binding,
implying either a reduced affinity or an interaction with a dif-
ferent site on CCR-5 (data not shown). We are presently com-

paring the abilities of HXB2.605.24 and HXB2.612.31 to infect
CD41 cells expressing a series of mouse or human CCR-5
chimeric receptors to identify the interactive regions of the
CCR-5 molecule.

Such polymorphisms in the early viral population imply that
selection for resistance to ligands which neutralize viral growth
via CCR-5 may be very rapid. Given the low level of genetic
polymorphisms between the clones, it is possible to locate the
genetic changes responsible for the phenotypic differences be-
tween the chimeric viruses. Despite the differences in cytopa-
thology and RANTES neutralization observed between the
HXB2.605.24 and HXB2.612.31 clones (Fig. 4), the gp120 se-
quences of these clones differed only at two positions, 62
(D3G) in the C1 region and 430 (A3V) in the C4 region. The
C1 region has been reported to interact with the C5 region, to
define gp120-gp41 interactions, and to influence the sensitivity
of virus to neutralization by sCD4 (30, 50). Interestingly, Orloff
and colleagues (50) reported mutations at residue 62 (D3A)
together with changes at residues 63, 68, and 95 in the C1
region of a primary isolate selected for the ability to replicate
in C8166 cells and for subsequent increased sensitivity to neu-
tralization by sCD4. These authors inferred that changes in the
C1 region affect gp120-gp41 associations and thereby indirectly
influence sensitivity to sCD4 neutralization. It should be noted
that all of the chimeric viruses were resistant to the highest
concentration of sCD4 tested (20 mg/ml) (Table 5); hence, we
were unable to demonstrate any effect of this mutation on
sCD4 neutralization. In addition, the C1 region has been re-
ported also to interact with both the C2 and the V3 regions,
suggesting that changes in these regions may affect the global
conformation of the glycoprotein (46). The C4 region has been
reported to be a component of the CD4 binding site (49).
Chimeric virus HXB2.612.30 showed reduced sensitivity to
RANTES neutralization compared to HXB2.612.31 (Fig. 4);
this virus had the same amino acid sequence as the resistant
clone (HXB2.605.24) in the C1 region and differed from the
sensitive clone by two mutations, A3T in the C4 region and
K3E in the V5 region (Fig. 2). These data imply that both the

FIG. 4. Sensitivity of chimeric viruses to RANTES neutralization. PHA-ac-
tivated PBL were infected with HXB2 and chimeric viruses in the presence of
increasing concentrations of RANTES. At 5 days postinfection, extracellular p24
antigen levels were measured, and the percentage of neutralization relative to
that for viral infection in the absence of the chemokine was determined. In the
absence of RANTES, p24 antigen levels were in the range of 0.8 to 4.5 ng/ml.

TABLE 5. Neutralization sensitivity of chimeric virusesa

Virus

Neutralization titer with:

ID50
(ng/ml) of
RANTESc

Patient serum
samples on day
postadmission:

Control ligands

3 9 11 13 QC256 1785 sCD4b

W6BC ,8 ,8 ,8 ,8 40 160 10.0
SF162 ,8 ,8 ,8 ,8 80 320 .20.0 65
HXB2 ,8 ,8 ,8 ,8 320 640 0.5
HXB2.SF162 ,8 ,8 ,8 ,8 80 160 .20.0 50
HXB2.HL605.24 ,8 ,8 ,8 160 40 320 .20.0 .800
HXB2.HL612.30 ,8 ,8 ,8 80 20 320 .20.0 400
HXB2.HL612.31 ,8 ,8 ,8 80 20 320 .20.0 70

a Viruses were tested for their sensitivity to neutralization by patient sera,
control sera QC256 and 1785 (74), sCD4, and RANTES in a PBL assay. Serum
neutralization was classified as the reciprocal dilution of serum capable of in-
hibiting p24 antigen production.

b sCD4 neutralization was classified as the concentration (micrograms per
milliliter) of ligand required to inhibit p24 antigen production.

c Concentration of RANTES capable of reducing extracellular p24 antigen
production by 50% (Fig. 4).
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C1 and the C4 regions are important components of the che-
mokine receptor binding site, in agreement with the recent
observations of Smyth and colleagues (69).

It should be noted that the distribution of coding changes
within the gp120 ORFs differs from the distribution reported
later in disease, when changes accumulate within the V2 and
V3 regions in response to immune selection (40, 48). Further-
more, the Ds/Dn ratio observed between the clones is unusu-
ally low, indicating that these changes are unlikely to be the
result of random genetic drift. It is therefore interesting to
speculate that the amino acid changes observed in the early
gp120 sequences may be defined by forces different from those
operating later in disease, within the context of a virus-specific
immune response. The amino acid changes observed in the
sequences may be associated with selection for alterations in
growth rate and/or tissue tropism.
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Pastore, H. Gaines, E. M. Fenyö, and J. Albert. 1994. The biological phe-
notype of HIV-1 is usually retained during and after sexual transmission.
Virology 204:297–303.

26. Fox, D. G., P. Balfe, C. Palmer, J. May, C. Arnold, and J. McKeating. 1997.
Length polymorphism within the second variable region of the human im-
munodeficiency virus type 1 envelope glycoprotein affects accessibility of the
receptor binding site. J. Virol. 71:759–765.

27. Goudsmit, J., A. De Ronde, E. De Rooij, and R. De Boer. 1997. Broad
spectrum of in vivo fitness of human immunodeficiency virus type 1 sub-
populations differing at reverse transcriptase codons 41 and 215. J. Virol. 71:
4479–4484.

28. Goudsmit, J., G. Zwart, and T. Wolfs. 1992. Assessment of HIV-1 antigenic
diversification using serum as sample source. AIDS Res. Hum. Retroviruses
8:1473.

29. Groenink, M., A. C. Andeweg, R. A. M. Fouchier, S. Broersen, R. C. M.
Vanderjagt, H. Schuitemaker, R. E. Y. De Goede, M. L. Bosch, H. G. Huis-
man, and M. Tersmette. 1992. Phenotype-associated env gene variation
among eight related human immunodeficiency virus type 1 clones: evidence
for in vivo recombination and determinants of cytotropism outside the V3
domain. J. Virol. 66:6175–6180.

30. Helseth, E., U. Olshevsky, C. Furman, and J. Sodroski. 1991. Human im-
munodeficiency virus type 1 gp120 envelope glycoprotein regions important
for association with the gp41 transmembrane glycoprotein. J. Virol. 65:2119–
2123.

31. Jurriaans, S., B. Vangemen, G. J. Weverling, D. Vanstrijp, P. Nara, R.
Coutinho, M. Koot, H. Schuitemaker, and J. Goudsmit. 1994. The natural
history of HIV-1 infection—virus load and virus phenotype independent
determinants of clinical course. Virology 204:223–233.

32. Kaye, S., C. Loveday, and R. S. Tedder. 1992. A microtitre format point
mutation assay—application to the detection of drug resistance in human
immunodeficiency virus type-1 infected patients treated with zidovudine.
J. Med. Virol. 37:241–246.

33. Keet, I. P. M., P. Krijnen, M. Koot, J. M. A. Lange, F. Miedema, J.

VOL. 72, 1998 HIV-1 ENVELOPE POLYMORPHISM AT SEROCONVERSION 8949



Goudsmit, and R. A. Coutinho. 1993. Predictors of rapid progression to
AIDS in HIV-1 seroconverters. AIDS 7:51–57.

34. Koup, R. A., J. T. Safrit, Y. Z. Cao, C. A. Andrews, G. McLeod, W.
Borkowsky, C. Farthing, and D. D. Ho. 1994. Temporal association of cel-
lular immune responses with the initial control of viremia in primary human
immunodeficiency virus type 1 syndrome. J. Virol. 68:4650–4655.

35. Kuiken, C. L., V. V. Lukashov, E. Baan, J. Dekker, J. A. M. Leunissen, and
J. Goudsmit. 1996. Evidence for limited within-person evolution of the V3
domain of the HIV-1 envelope in the Amsterdam population. AIDS 10:31–
37.

36. Lathey, J. L., R. D. Pratt, and S. A. Spector. 1997. Appearance of autologous
neutralizing antibody correlates with reduction in virus load and phenotype
switch during primary infection with human immunodeficiency virus type 1.
J. Infect. Dis. 175:231–232.

37. Liu, R., W. Paxton, S. Choe, D. Ceradini, S. R. Martin, R. Horuk, M. E.
MacDonald, H. Stuhlman, R. A. Koup, and N. R. Landau. 1996. Homozy-
gous defect in HIV-1 coreceptor accounts for resistance of some multiple-
exposed individuals to HIV-1 infection. Cell 86:367–377.

38. Loestcher, P., M. Uguccioni, L. Bordoli, M. Baggiolini, B. Moser, C. Chiz-
zolini, and J.-M. Dayer. 1998. CCR-5 is characteristic of Th1 lymphocytes.
Nature 391:344–345.

39. McKeating, J. A., J. Bennett, S. Zolla Pazner, M. Schutten, S. Ashelford, A.
Leigh Brown, and P. Balfe. 1993. Resistance of a human serum-selected
human immunodeficiency virus type 1 escape mutant to neutralization by
CD4 binding site monoclonal antibodies is conferred by a single amino-acid
change in gp120. J. Virol. 67:5216–5225.

40. McKeating, J. A., Y. J. Zhang, C. Arnold, R. Frederiksson, E. M. Fenyö, and
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