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The aim of this study was to analyze the role of humoral immunity in early human immunodeficiency virus
(HIV) infection. As neutralizing activities in HIV-positive sera are rarely detectable earlier than 9 to 12 months
after infection using primary lymphocytes as target cells in neutralization assays, humoral immunity is gen-
erally thought not to contribute significantly to early virus control in the patients. Besides lymphocytes, cells
of the monocyte/macrophage lineage are known to be important target cells for HIV in vivo during the estab-
lishment of the infection. Therefore, we studied the neutralization of early primary HIV isolates by autologous
serum samples using primary macrophages as target cells in the neutralization assays. We analyzed neutral-
izing activities against the autologous HIV-1 isolates in 10 patients’ sera taken shortly after seroconversion,
both on primary macrophages and, for comparison, on lymphocytes. Viruses were isolated and expanded in
primary mixed cultures containing macrophages and lymphocytes in order to avoid selection for one particular
cell type. All viruses replicated to different degrees in macrophages and lymphocytes; nine had a nonsyncytium-
inducing phenotype, and one was syncytium inducing. The detection of neutralizing antibodies in acute primary
HIV infection depended on the target cells used. Confirming previous studies, we did not find neutralizing
activities on lymphocytes at this early time point. In contrast, neutralizing activities were detectable in the same
sera if primary macrophages were used as target cells. Differences in neutralizing activities on macrophages
and lymphocytes were not due to different virus variants being present in the different cell systems, as gp120
sequences derived from both cell types were homogeneous. Neutralization activities on macrophages did not
correlate with the amount of b-chemokines in the sera. As affinity-purified immunoglobulin G preparations
from an early patient serum also exhibited neutralization of the autologous virus isolate on primary macro-
phages, but not on lymphocytes, neutralization is very likely due to antibodies against viral epitopes necessary
for infection of macrophages but not for infection of lymphocytes. Our data suggest that, along with cell-
mediated immunity, humoral immunity may contribute to the reduction of primary viremia in the patient. This
was further supported by a certain association between neutralizing antibody titers on macrophages and viral
load in the patients.

After infection with the human immunodeficiency virus
(HIV), the virus replicates to high titers, with plasma viral load
greater than 106 viral RNA copies/ml (8). At seroconversion
viremia decreases by several log units and may even reach
undetectable levels. The viral load established after serocon-
version has prognostic value for the subsequent course of the
disease (27). This setpoint is determined on the one side by the
efficiency of the virus-specific host response and on the other
side by the biological properties of the virus itself.

Due to immunological constraints, the virus population at
the time point of seroconversion is homogenous with respect to
sequences derived from the external viral glycoprotein gp120
(9, 40, 56). Generally, viruses isolated at this time point have
non-syncytium-inducing (NSI) phenotype and are dualtropic
for primary lymphocytes and macrophages (50, 58).

Different studies showed that HIV-specific antibodies, though
present shortly after seroconversion, are not able to neutralize
the autologous virus isolates in lymphocyte cultures (2, 31).

Neutralizing antibodies against the early virus isolates are first
detectable about 1 year after infection (25, 30). HIV-specific
cytotoxic T lymphocytes (CTLs), however, are detectable as
early as 3 weeks after infection, preceding the strong decline in
viremia (4, 23). Consequently, CTL activity is thought to be the
major factor in early control of viremia. The role of the hu-
moral immune response in early virus control is still contro-
versial (37).

All studies on the neutralization of primary HIV in early
infection were performed using primary lymphocytes as target
cells. Besides lymphocytes, cells of the monocyte/macrophage
lineage are important target cells for HIV in vivo (15, 17, 24,
35, 43, 53, 54). These are among the first cells encountered by
the virus after sexual transmission (29, 51). They also dissem-
inate the virus to the lymphoid system and other organs such as
the liver, the lung, the brain, the gut, etc. (19, 22, 43, 47). The
same cells play a pivotal role in the activation and control of
the immune response and are functionally disturbed after in-
fection (12, 57).

Therefore, we compared the neutralizing activity of patients’
sera shortly after seroconversion against the autologous virus
isolates on both primary macrophages and lymphocytes. As
viruses tend to adapt to given cells in vitro (28, 52), special
emphasis was placed on maintaining the original phenotypes
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by isolating the virus in mixed-culture systems (primary mono-
cytes/macrophages and lymphocytes) and by limiting virus cul-
tivation times.

MATERIALS AND METHODS

Patients. Ten patients with well-defined time points of infection were included
in this study. Patients presented to the doctors with acute infection symptoms,
had incomplete Western blots at the time point of sampling, or had sexual
contacts with index partners with confirmed HIV infection at well-known points
in time. Blood samples were taken shortly after seroconversion (Table 1) and
about 12 months after infection. None of the patients received antiviral treat-
ment at the time point of the first blood drawing.

Virus isolation. Virus isolation was conducted in mixed-culture systems con-
taining primary T4 lymphocytes (PBLs) and monocytes/macrophages in order to
avoid selection for one of the cell types (53). Patients’ peripheral blood mono-
nuclear cells (PBMCs) were isolated by Ficoll gradients as described previously
(34) and mixed with PBMCs from healthy HIV-negative donors (1:10 to 1:30).
Cells were cultured in Teflon bags, which allowed differentiation of monocytes to
macrophages. No additives for stimulation of PBLs were included in the culture
medium (RPMI 1640, 5% human AB serum, 100 U of penicillin/ml, 100 mg of
streptomycin/ml, 4 mM L-glutamine, 1 mM sodium pyruvate, 5 ml [1003] of
minimal essential medium [MEM] nonessential amino acids per 500 ml, 2 ml
[1003] MEM vitamins per 500 ml). Cultures were maintained for at least 10 days
at 37°C and 5% CO2. At this time point p24 antigen production was monitored
for the first time, and the assay was repeated every 5 days (Coulter [Fullerton,
Calif.] assay). If virus production was positive, fresh uninfected donor cells were
added to the Teflon bags to stimulate virus production. At reverse transcriptase
(RT) activities of .100,000 cpm/90 min/ml of culture supernatant, viral aliquots
were frozen at 280°C (36). All stocks were characterized by p24 antigen amount,
RT activity, and 50% tissue culture infective dose (TCID50) on stimulated PBLs.

Determination of TCID50. Phytohemagglutinin (PHA)-stimulated primary
PBLs were adjusted to 4.5 3 106 cells/ml and infected with threefold dilutions of
virus stocks in 2-ml Eppendorf cups rotated for 3 h at 37°C. Then cells were
pelleted and washed twice with phosphate-buffered saline. Infected cells were
adjusted to 106 cells/ml in PBL medium (RPMI 1640, 5% fetal calf serum, 4 mM
L-glutamine, and 100 U of penicillin, 100 mg of streptomycin, and 0.4 U of
interleukin 2/ml [Sigma, Deisenhofen, Germany]) and for each virus dilution a
200-ml cell suspension was added to each of 8 wells of a 96-well plate. Cultures
were maintained at 37°C and 5% CO2 for 10 days. HIV-positive wells were
identified by p24 antigen determinations. TCID50 values were calculated accord-
ing to the Spearman-Kaerber formula (20, 44).

Determination of the replication of virus isolates on PBLs. PHA-stimulated
primary PBLs of one single donor were adjusted to 4.5 3 106 cells/ml and
infected with 100 TCID50 of each virus isolate/ml in 2-ml Eppendorf cups rotated
for 3 h at 37°C. Then cells were pelleted and washed carefully at least twice to
remove the virus. For each virus, cells were adjusted to 106 cells/ml in PBL
medium and a 200-ml suspension was seeded into each of 6 wells of a 96-well
plate. Cultures were maintained at 37°C and 5% CO2 for 10 days. For each
isolate, the replication activity was determined as the mean p24 antigen produc-
tion over the six wells. These experiments were performed for all isolates using
cell preparations from at least three donors to correct for donor dependency.

Determination of the replication of virus isolates on monocytes/macrophages.
PBMCs from a single HIV-negative donor were isolated by Ficoll gradient and
adjusted to 4.5 3 106 cells/ml in macrophage medium (see medium of mixed-
culture system). Then 200 ml of the cell suspension was added to each of 40 wells
of a 96-well plate (4 wells per isolate) and incubated at 37°C for 30 min.
Nonadherent cells were removed by intensive washing, leading to 95%-pure
monocyte cultures (53). The adherent cells were cultured for 7 days at 37°C and
5% CO2 to allow differentiation to macrophages. Then four macrophage cultures
(four wells) were each infected with 200 TCID50 of each virus isolate/ml for 2
days. Thereafter, virus was quantitatively removed by washing. After 4 days,
cultures were monitored for p24 antigen production. For each isolate, the rep-

lication activity was determined as the mean p24 antigen production for the four
wells. For all isolates the experiment was performed using cell preparations from
three additional donors to assess donor dependency.

MT-2 assay for determination of syncytium-inducing (SI) and NSI pheno-
types. MT-2 cells were adjusted to 4.0 3 105 cells/ml in MT-2 medium (PBL
medium without interleukin 2) and infected with 100,000 cpm of RT activity of
each virus isolate/ml in Eppendorf cups rotated at 37°C for 6 h (21). For each
virus isolate, cells were pelleted, washed twice, and adjusted to 2.0 3 105 cells/ml
and 2-ml cell suspensions were seeded into duplicate wells of a 24-well plate.
Cultures were monitored microscopically for syncytia.

Determination of b-chemokines MIP-1a and RANTES in patients’ plasma.
Quantitative determinations of macrophage inflammatory protein 1b (MIP-1b)
and RANTES (regulated upon activation, normal T-cell expressed and secreted)
were performed by commercial enzyme-linked immunosorbent assays (ELISAs)
(R&D Systems, Minneapolis, Minn.).

Affinity purification of serum IgG and preparation of Fab fragments. Immu-
noglobulin G (IgG) was affinity purified from 500 ml of heat-inactivated patient
serum by protein G columns (MAb Trap GII kit; Amersham-Pharmacia-Biotech,
Freiburg, Germany). Five fractions were collected after elution, and aliquots
were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) together with an aliquot of diluted patient serum to determine the
quality and the relative amount of purified IgGs. One hundred microliters of IgG
solution (0.71 mg of protein/ml) was digested with papain for 2 h at 37°C to
obtain Fab fragments. After purification by Sepharose G columns to remove the
Fc parts, an aliquot of the Fab fragments was subjected to SDS-PAGE to
determine the quality and relative amount compared to those for IgG in the IgG
fractions and in serum.

Neutralization studies. Neutralizing activities of the 10 patients’ sera against
the autologous virus isolates were determined on primary monocytes/macro-
phages and lymphocytes derived from the same donor. Experiments were re-
peated for all 10 serum-virus pairs on macrophages and lymphocytes derived
from two or three additional donors. All sera were heat inactivated at 57°C for
30 min to inactivate virus and complement factors. Neutralization with HIV-
positive sera relative to that with HIV-negative sera was defined by the formula
percent neutralization 5 (1 2 p/n) 3 100, where p is the mean amount of virus
produced in cultures incubated with HIV-positive serum and n is the mean
amount of virus produced in cultures incubated with HIV-negative serum.

Neutralization on macrophages. PBMCs from the HIV-negative donors were
isolated by Ficoll gradients and adjusted to 4.5 3 106 cells/ml in macrophage
medium (see medium of mixed-culture system). For each serum-virus pair, 200
ml of cell suspension was added to each of 4 wells of a 96-well plate and incubated
at 37°C for 30 min. Nonadherent cells were removed by intensive washing, and
the adherent cells were cultured in 200 ml of macrophage medium for 7 days at
37°C and 5% CO2 to allow differentiation into macrophages. On day 8, 100 ml of
supernatant was removed. Virus stocks were pelleted and resuspended in mac-
rophage medium containing 20% HIV-positive serum of the corresponding pa-
tient at a concentration of 400 TCID50/ml. This virus-serum solution was prein-
cubated for 30 min at 37°C before 100 ml was added to each of the four wells,
leading to a final virus concentration of 200 TCID50/ml and a final patient serum
concentration of 10%. After 2 days, virus was quantitatively removed by several
washings, and 4 days later, cultures were monitored for p24 antigen production.
Reductions in mean p24 antigen amounts (over the four wells) by more than 50%
compared to the positive control (incubation of virus with HIV-negative sera) at
10% patient serum concentration were considered neutralization activities. In
this case, increasing dilutions (two- to fourfold) of patients’ sera were tested to
determine 50% neutralization titers. Dilutions were made in HIV-negative se-
rum in order to keep the serum concentration constant at 10%.

To prove that neutralization on macrophages is due to antibodies in the sera,
we also performed neutralization assays with affinity-purified IgG and the cor-
responding Fab fragments for one patient. The amounts of IgG and Fab frag-
ments used in the neutralization assays were adjusted to the amount of IgG in
10% patient serum as estimated by SDS-PAGE. Neutralization assays with the

TABLE 1. Clinical and virological data of the patients included in the study

Code Risk Date of infection Date of sampling Viral load (103 copies/ml) Viral subtype

HR001 Heterosexual October 94 March 95 42 C
HR002 Homosexual October 94 April 95 19 B
HR003 Homosexual January 95 June 95 650 B
HR004 Heterosexual February 95 June 95 9.3 E
HR005 Homosexual February 95 July 95 20 B
HR008 Homosexual March 95 September 95 18 E
HR009 Homosexual January 95 September 95 4.1 E
HR010 Homosexual February 95 September 95 32 B
HR011 Heterosexual October 95 December 95 2.2 B
HR014 Heterosexual January 96 May 96 70 B
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patient’s serum, the corresponding IgGs, and Fab fragments were performed as
described above on macrophages from the same donor in quadruplicate.

Neutralization on lymphocytes. Virus stock (100 TCID50/ml) was incubated in
PBL medium containing the corresponding patient serum (10%) for 30 min at
37°C. PHA-stimulated primary PBLs (4.5 3 106 cells/ml) from a single donor
were infected with 100 TCID50 of the virus-serum solution/ml in a 2-ml Eppen-
dorf cup rotated for 3 h at 37°C. Cells were pelleted and washed carefully to
remove the virus. For each virus cells were adjusted to 106 cells/ml in PBL
medium and 200 ml of suspension was seeded into each of 6 wells of a 96-well
plate. After 10 days at 37°C and 5% CO2 (without medium change) the p24
amount was measured. Reduction in mean p24 antigen amounts (over the six
wells) by more than 50% compared to that for the positive control (incubation of
virus with HIV-negative sera) at 10% patient serum concentration were consid-
ered neutralization activities. In this case, increasing dilutions (two- to fourfold)
of patients’ sera were tested to determine 50% neutralization titers. Dilutions
were made in HIV-negative serum in order to keep the serum concentration
constant at 10%.

Sequence analysis. Sequence analysis of about 300 bp of the V3 region was
performed by direct sequencing of PCR products as described previously (16).
PCR products were derived either from DNA of PBMCs and mixed cultures or,
after RT, from viral supernatants of mixed cultures, PHA-stimulated lympho-
cytes, or macrophages. RT conditions were as follows: 50 U of Moloney murine
leukemia virus reverse transcriptase, 1 mg of random hexamer primers, 0.5 mM
deoxynucleoside triphosphates, and 5 mM MgCl2 in 100 mM Tris-HCl–500 mM
KCl for 60 min at 37°C. Whole gp120 sequences were determined on multiple
clones derived from culture supernatants of macrophages and lymphocytes.
Sequences were evaluated on an A.L.F. automated sequencing device (Amer-
sham-Pharmacia-Biotech).

RESULTS

Patients. The clinical and virological characteristics of the
patients are summarized in Table 1. Ten German patients,
recently infected with HIV type 1 (HIV-1) heterosexually or
homosexually, were included in this study (10). All samples
were collected within 2 to 8 months after infection as deter-
mined by clinical data and incomplete Western blot patterns
characteristic for seroconvertors. All patients were therapy
naive at the first time point of sampling. Viral load was be-
tween 2.2 3 103 and 6.5 3 105 copies per ml of plasma by the
Chiron assay. Viral subtypes were determined by V3-based
differential serotyping (16) complemented by direct sequenc-
ing of about 300 bp including the V3 region. In all cases, the
results of serotyping and genotyping were congruent. There
were a total of six infections with HIV-1 subtype B, three with
subtype E, and one with subtype C.

Characterization of primary virus isolates. In contrast to
current protocols for virus isolation (34), viruses were isolated
in mixed cultures (53) in this study in order to avoid selection
for one of the two cell types. These cultures contained nonac-
tivated PBLs as well as monocytes/macrophages. To minimize
in vitro adaptation, the cultivation time was limited to 4 to 5
weeks including the generation of virus stocks. Thus, in order
to stay as close as possible to the in vivo situation, relatively low
virus titers had to be dealt with due to the nature of early
isolates (34) (Table 2). Infection and neutralization assays

were optimized for these low-titer primary virus stocks (see
Materials and Methods).

The stock characteristics are summarized in Table 2. Nine of
the 10 virus isolates were of the NSI phenotype, and 1 was SI.
The SI isolate, HR010, had a V3 loop sequence typical for SI
viruses, i.e., an arginine at position 11 and high positive charge
(16).

The TCID50s ranged from 2.1 to 3.3 log10 units/ml. There
was no correlation between the number of infectious particles
in the virus stocks (TCID50s) and either the RT activity or the
amount of p24 antigen, both of which measure infectious and
noninfectious virus particles. In all non-B isolates the amounts
of p24 antigen measured were smaller than those in subtype B
isolates due to the reduced sensitivity of the p24 antigen assay
for non-B isolates (data not shown).

Replicative capacities of the primary virus isolates on lym-
phocytes and monocytes/macrophages. All primary virus iso-
lates of this study, irrespective of the subtype, productively
infected primary macrophages as well as lymphocytes. This is
in accordance with the amino acid sequences of the corre-
sponding V3 loops, as described for dualtropic viruses by West-
ervelt et al. (55) and Shioda et al. (39), having either histidine,
threonine, or asparagine at position 13, tyrosine at position 21,
and glutamic acid, aspartic acid, or alanine at position 25 (data
not shown).

The replicative capacity, measured by p24 antigen produc-
tion, on primary macrophages and lymphocytes derived from
four different donors was analyzed. Although for a given iso-
late p24 antigen production differed from donor to donor, in
general, all isolates replicated better on lymphocytes than on
macrophages. For lymphocytes, p24 production was in the
range of 1 to 50 ng/ml depending on the donor and the isolate.
In contrast, for macrophages the lowest value was 10 pg/ml and
the highest was 1,000 pg/ml. However, isolates HR011 and
HR014 reached equivalent p24 antigen amounts on both cell
types. Three classes of replicative activity could be defined on
both cell types, irrespective of the donor variations observed
(Tables 3 and 4).

TABLE 2. Characteristics of patients’ virus isolates

Subtype Code RT activity (104 cpm/ml/90 min) p24 antigen concn (ng/ml) TCID50 (log10/ml) Phenotype

B HR002 11.5 6 1.2 31.3 6 1.4 3.3 6 0.4 NSI
B HR003 27.8 6 1.7 64.0 6 7.4 2.7 6 0.3 NSI
B HR005 6.7 6 0.2 18.9 6 4.2 3.1 6 0.3 NSI
B HR010 18.0 6 1.1 33.3 6 1.9 3.0 6 0.3 SI
B HR011 12.9 6 1.7 40.3 6 3.1 2.4 6 0.2 NSI
B HR014 8.7 6 0.5 43.6 6 2.1 3.1 6 0.3 NSI
C HR001 12.6 6 0.5 19.5 6 1.2 2.7 6 0.3 NSI
E HR004 10.7 6 1.2 8.3 6 1.1 3.2 6 0.3 NSI
E HR008 10.1 6 0.3 10.6 6 1.8 1.7 6 0.3 NSI
E HR009 8.0 6 0.2 4.3 6 0.5 2.1 6 0.2 NSI

TABLE 3. Replicative capacity of primary virus isolates
on lymphocytesa

Subtype

Isolates whose replicative capacity is:

High
(.10.0 ng/ml)

Medium
(1.0–10.0 ng/ml)

Low
(,1.0 ng/ml)

B HR010 HR002, HR003 HR005, HR011, HR014
C HR001
E HR004 HR008, HR009

a Viral isolates were grouped into three classes according to the mean p24
antigen production on cells from four different donors.
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Neutralization of primary virus isolates by autologous se-
rum samples on macrophages and lymphocytes. Serum sam-
ples were taken shortly after seroconversion (Table 1) at the
time point of virus isolation. For some patients additional
serum samples could be taken about 12 months after infection.
Neutralization activities of all sera against the autologous virus
isolates were determined for both cell types.

First serum samples taken shortly after seroconversion. For
macrophages, the neutralizing activity of the sera toward the
autologous virus isolates was determined on quadruplicate
macrophage cultures derived from four different donors. By
using 10% serum, neutralization activities between 80 and
100% were found for 8 of the 10 isolates (Fig. 1). For the
remaining two sera, neutralizing activities were close to 50%
on macrophages from three and two out of four donors.

In order to quantitate the neutralizing activities, further
dilutions of sera were tested and 50% neutralization titers were
determined (Fig. 2). For the eight sera with .50% neutralizing
activity, these ranged from 21 to 284.

For control, neutralization studies on primary lymphocytes
were also performed. In contrast to the results for macro-
phages, no neutralization activities (titer ,10) could be dem-
onstrated for any of the isolates using sera from the early time
points (Table 5). This is in accordance with published studies

showing no neutralization of primary virus isolates on lympho-
cytes before 1 year after infection.

Second serum samples taken about 12 months after infec-
tion. For seven patients a second serum sample was taken
about 12 months after infection. Studies of the neutralization
activity of these sera against the autologous virus isolates from
the early time points were performed on primary macrophages
and lymphocytes as described above. On macrophages, neu-
tralization titers increased 6- to 30-fold compared to those for
the first serum sample (Table 5). For HR014, a neutralization
titer of nearly 4,000 was achieved. There was only one excep-
tion, HR009, where the neutralization titers decreased about
threefold.

In contrast to the first serum samples, five of the seven
follow-up sera showed neutralization activities against the
early virus isolates also on lymphocytes. However, in general,
neutralization titers of the second serum samples were lower
on lymphocytes than on macrophages (Table 5).

Are there different virus subpopulations infecting macro-
phages and lymphocytes? The differences in neutralization
activities found on macrophages and lymphocytes could be
explained if different virus variants of a patient’s quasispecies
were infecting both cell types. To address this question, viral
supernatants from two different macrophage cultures and two
different lymphocyte cultures were analyzed genetically for
patients HR003 (subtype B, NSI), HR004 (subtype E, NSI),
HR010 (subtype B, SI), and HR011 (subtype B, NSI). In order
to avoid contamination by input virus, the first supernatant was
carefully removed and, after several washing steps, newly pro-
duced viruses in the second supernatant were obtained for
genetic analysis. About 300 bp including the immunodominant
V3 region were sequenced directly, and sequences were com-
pared to the sequences of the respective viral stocks generated
in mixed cultures. No differences between the V3 sequences
derived from lymphocyte and macrophage cultures from the
same patient at this early timepoint were found. Also, se-
quence data of the entire gp120 derived from the same cultures

FIG. 1. Neutralization activity of 10% serum against the autologous virus isolate from the first time point analyzed on primary macrophages derived from four
different donors. Each bar represents neutralization activity on cells from one donor.

TABLE 4. Replicative capacity of primary virus isolates
on macrophagesa

Subtype

Isolates whose replicative capacity is:

High
(.0.2 ng/ml)

Medium
(0.1–0.2 ng/ml)

Low
(,0.1 ng/ml)

B HR010, HR011, HR014 HR003 HR002, HR005
C HR001
E HR008 HR004, HR009

a Viral isolates were grouped into the three classes according to the mean p24
antigen production on cells from four different donors.

5406 RUPPACH ET AL. J. VIROL.



demonstrate extensive homogeneity (data not shown). Thus,
neutralization differences found on macrophages and lympho-
cytes are unlikely to be due to different virus variants present
in these cells.

Factors determining neutralization activities in sera. HIV-
positive sera contain antibodies against the virus, but b-che-
mokines also are known to have inhibitory effects on virus
replication (7). Principally, both mechanisms could account for
neutralizing effects.

(i) b-chemokines. Due to limiting amounts of sera, we de-
termined only the concentrations of the two b-chemokines
MIP-1b and RANTES in all serum samples by commercial
ELISAs.

The MIP-1b concentrations were between 19 and 47 pg/ml
in the first serum samples (for the individual sera the concen-
trations [picograms per milliliter] were as follows: HR001, 19;
HR002, 41; HR003, 40; HR004, 10; HR005, 47; HR008, 35;
HR009, 33; HR010, 25; HR011, 46; HR014, 35), i.e., in the
range of 21 to 100 pg/ml measured for HIV-negative sera from
healthy donors, which were always used as positive controls in
the neutralization assays. This excludes MIP-1b as a factor
responsible for the neutralization activities observed. In the
second serum samples, the MIP-1b concentrations were not
elevated significantly, ranging from 27 to 157 pg/ml.

For RANTES, the concentrations were between 8.5 and 19.7
ng/ml in the first serum samples (the concentrations [nano-
grams per milliliter] were as follows: HR001, 11.2; HR002,
17.2; HR003, 12.9; HR004, 9.0; HR005, 11.4; HR008, 15.5;
HR009, 19.7; HR010, 8.5; HR011, 17.8; HR014, 15.0). The
concentrations of RANTES in HIV-negative sera from healthy
donors were around 0.03 to 0.68 ng/ml. Thus, the RANTES
concentration was significantly higher in HIV-positive sera
than in HIV-negative sera, suggesting that RANTES could be
a potential candidate for the neutralizing activities in the sera.
However, there was no increase in RANTES concentration
from the first to the second serum samples (range, 7.3 to 21.0
ng/ml), but there was increasing neutralizing activity. There-
fore, neutralizing activities in the sera did not correlate with
the concentrations of RANTES, which suggests that RANTES

is not responsible for the neutralizing effects observed. Fur-
thermore, chemokine concentrations in the early serum sam-
ples did not correlate with the 50% neutralizing titers of the
corresponding sera as measured on macrophages. For exam-
ple, the sera of HR008 and HR009 have similar levels of
chemokines MIP-1b and RANTES, but serum HR008 does
not show neutralization on macrophages (titer, ,10), whereas
HR009 has a 50% neutralizing titer of 206.

(ii) Antibodies. In order to analyze the role of serum IgGs
in virus neutralization, neutralization studies were performed
with IgGs affinity purified from HIV-positive serum. As the
amount of sera from the patients in this study was limited and
had to be used for the assays of comparative neutralization on
macrophages and lymphocytes, we selected an additional pa-
tient to address this question.

FIG. 2. Neutralization titers of early serum samples against the autologous virus isolates from the first time point on primary macrophages. Each bar represents the
mean neutralization titer on cells from two different donors.

TABLE 5. Comparison of 50% neutralization titers of the first and
second serum samples on lymphocytes and macrophages

Virus
isolate

50% neutralization titer of:

First serum on: Second serum on:

Lymphocytes Macrophages Lymphocytes Macrophages

Subtype B
HR002 ,10 30 .640 535
HR003 ,10 ,10 —a —
HR005 ,10 26 85 796
HR010 ,10 21 ,10 463
HR011 ,10 284 — —
HR014 ,10 49 .640 3,847

Subtype C
HR001 ,10 34 16 199

Subtype E
HR004 ,10 25 50 237
HR008 ,10 ,10 — —
HR009 ,10 206 ,10 73

a —, serum samples not available.
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Patient HR006 was infected in November 1994 by homosex-
ual exposure, and the first blood sample was obtained 7 months
later. Like the other patients, HR006 was therapy naive at the
time point of sampling. Virus isolation was performed in mixed
cultures as described for the other patients. The virus isolate
was dualtropic, NSI, and genetically HIV-1 subtype B. As de-
scribed for the 10 patients analyzed above, the early serum
sample of patient HR006 neutralized the autologous virus iso-
late on macrophages from different donors by more than 95%
compared to the negative serum control, but virus was not
neutralized on lymphocytes. We purified IgGs from the pa-
tient’s serum by affinity chromatography and, in addition, Fab
fragments were prepared from part of the IgG fractions. Par-
allel neutralization studies were performed with 10% serum as
well as with the IgG and Fab fragment preparations on mac-
rophages from the same donor. The amounts of IgG present in
the serum and in the affinity-purified IgG preparation were
estimated by SDS-PAGE and by titration in a V3 subtype B
consensus peptide ELISA (16). Based on this, for the neutral-
ization assays the amounts of IgG were adjusted so that serum
and the IgG fraction contained similar quantities of IgG. As
shown in Fig. 3, 10% serum, the affinity-purified IgGs, and the
corresponding Fab fragments neutralized the autologous virus
isolate (HR006) on macrophages. Furthermore, the extents of
neutralization were in a similar range (95% for 10% serum;
85% for the affinity-purified IgG), suggesting that neutralizing
antibodies in the serum are indeed responsible for neutraliza-
tion.

DISCUSSION

Difficulties imposed by primary virus isolates. In this study,
we used primary HIV-1 isolates to compare the neutralization
activities of autologous serum samples obtained shortly after
seroconversion on different primary target cells. In order to
avoid in vitro selection and/or adaptation during virus isola-
tion, we used mixed-culture systems including primary unacti-
vated lymphocytes and monocytes/macrophages (53) and short
cocultivation times. Titers of most viral stocks were low (Table
2) and needed to be compensated for by optimized in vitro
infectivity assays.

Donor dependency is a critical issue to be considered when
comparing biological properties of different virus isolates (5,
45). We determined replication rates as well as neutralization
activities on cells from two to four different donors, in four to
six parallel cultures each, to correct for these biological varia-
tions. Although biological variations were sometimes large for
a given isolate, we were able to distinguish isolates with low,
medium, and high replication capacities on lymphocytes as well
as on macrophages (Tables 3 and 4).

Replication of primary virus isolates on primary lympho-
cytes and macrophages. All primary virus isolates could pro-
ductively infect primary lymphocytes as well as macrophages,
independently of the SI or NSI phenotype. As different con-
ditions for infection had to be used on lymphocytes and mac-
rophages, replication rates in terms of absolute amounts of p24
produced by both culture systems cannot be compared directly,
even when cells of the same donor were used. Generally, the
replication rate was higher in lymphocytes than in macro-
phages, although two isolates, HR011 and HR014, produced
similar p24 antigen amounts on both cell types.

In previous work primary HIV-1 isolates were classified ac-
cording to their replicative capacities in lymphocytes (rapid/
high and slow/low [14] or “a” to “d” [54]) and macrophages (a
to d [54]). According to this classification, our low-passage
early primary virus isolates all belong into the slow/low or d/d
group. Nevertheless, we could still discern isolates with high,
medium, and low replication capacities on lymphocytes and
to a lesser degree on macrophages (Tables 3 and 4). As this
characteristic was independent of the donor cells used, it
might be a phenotypic property of the respective viral isolates
themselves. Thus, early primary virus isolates from different
individuals differ in their intrinsic replication capacities on
lymphocytes. On macrophages, the same isolates lead to less-
pronounced replication differences.

Neutralization of primary virus isolates by autologous se-
rum samples on different target cells. In accordance with pub-
lished studies (2, 30, 31) in which neutralization of primary
HIV-1 isolates by autologous serum samples shortly after se-
roconversion was studied, we did not find neutralizing activities
before 10 to 14 months after infection, using primary lympho-
cytes as target cells. In contrast, when using the same isolates
with primary macrophages as target cells, we found high levels
of neutralizing activities in the same sera as early as 2 months
after infection. Recently, Zhuge et al. reported similar results
with plasma from macaques experimentally infected with ma-
caque simian immunodeficiency virus (SIVmac) (59). Also,
Stamatatos et al. reported that macrophages are more sensitive
to neutralization than lymphocytes, when monoclonal antibod-
ies are used as neutralizing agents (46). That neutralization
activities depend on the target cells used in the assays could
also be demonstrated for feline immunodeficiency virus (1).

The fact that neutralization depends on the target cells used
might be explained by different virus variants from the quasi-
species infecting macrophages or lymphocytes. However, se-

FIG. 3. Neutralizing activity of 10% serum of patient HR006 and the corre-
sponding affinity-purified IgGs and Fab fragments against the autologous virus
isolate on macrophages. Each bar represents the mean neutralization activity of
six wells. Experiments were performed on cells from the same donor.
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quence analyses of gp120 derived from culture supernatants of
infected macrophages and lymphocytes showed extreme se-
quence conservation. We conclude that it is essentially the
same virus variant which infects both target cells. Similar con-
clusions were drawn by Simmons et al., who showed that bio-
logical clones of HIV could infect primary macrophages as well
as lymphocytes (42). Thus, differences in neutralization are not
likely to be due to different virus variants infecting both cell
types.

In our study, the neutralizing effects of the serum samples
could principally be attributed to inhibitory b-chemokines or
to antibodies specific for the virus. However, the concentration
of the b-chemokine MIP-1b in the sera was too low to be
responsible for any of the inhibitory effects observed. The
concentration of RANTES was increased compared to that for
HIV-negative individuals. However, different groups showed
that RANTES, even at concentrations of 50 ng/ml, could not
inhibit the infection of macrophages by HIV, although the
corresponding chemokine receptor, CCR5, is expressed on
these cells (38, 41, 48). Furthermore, the concentrations of
RANTES among the different sera were comparable (8.5 to
19.7 ng/ml) and thus did not correlate with the observed dif-
ferences in neutralizing activities on macrophages. Also, in the
second serum samples an increase in neutralizing activities on
macrophages was not paralleled by increasing RANTES con-
centrations (7.3 to 21.0 ng/ml).

Finally, since an affinity-purified IgG preparation and Fab
fragments from serum of patient HR006 were able to neutral-
ize the respective autologous virus isolate in a range similar to
that for 10% serum, the neutralizing effects observed on mac-
rophages can be attributed to antibodies. We therefore con-
clude that neutralizing antibodies are indeed present in pa-
tients’ sera from very early on and are detectable if primary
macrophages are used, instead of lymphocytes, as target cells
for neutralization assays.

As mentioned above, Zhuge et al. also found neutralizing
activities against the autologous virus isolates in early plasma
samples from experimentally infected macaques when using
primary simian macrophages as target cells (59). No neutral-
ization activities on lymphocytes were found. However, in this
study, neutralizing activities on macrophages depended on the
continuous presence of plasma in the culture supernatant. Re-
moving plasma resulted in virus production comparable to that
of cultures infected with virus in the absence of plasma. The
authors concluded that the neutralizing effect is due to a post-
entry step. In our study, serum was only present at the time
point of infection and was subsequently completely removed
together with the virus by vigorous washing. In contrast to
findings of the study of Zhuge et al., virus production, mea-
sured as the amount of p24 antigen on days 4 and 8 after serum
removal, did not increase in our study and always remained far
below the level of the control (incubated with HIV-negative
serum). Our results are therefore compatible with neutralizing
activities at the level of virus entry, as would primarily be
expected for antibodies, while the discrepancy with the con-
clusion by Zhuge et al. remains unresolved.

Based on previous considerations, neutralizing antibodies
might be directed against viral epitopes which are necessary
for the infection of macrophages (macrophage-tropic epitopes
[MTE]) but which are not necessary for the infection of lym-
phocytes (lymphotropic epitopes [LTE]). Obviously, the mode
of infection differs between macrophages and lymphocytes.
Interestingly, b-chemokines RANTES, MIP-1a, and MIP-1b
are able to inhibit the infection of lymphocytes, whereas inhi-
bition of macrophages by b-chemokines is controversial (32,
38, 39). This also may indicate that virus entry is different in

both cell types. Different coreceptors may be used on macro-
phages and lymphocytes. Early primary HIV-1 isolates usually
utilize the CCR5 receptor for virus entry (6, 11). Although
CCR5 is expressed on both primary lymphocytes and primary
macrophages (3, 26), the active receptor forms used for virus
entry may differ on different cells (18, 33). Alternatively, CCR5
may undergo different posttranslational modifications (13) in
macrophages and lymphocytes. In both cases, different epi-
topes on the viral surface (MTE, LTE) can be postulated for
CCR5 binding. This requires further investigation.

Interestingly, we could observe a certain association between
neutralization titers on macrophages and viral load in the pa-
tients. As shown in Table 6, the highest neutralization titers
(HR011 and HR009) correlated with the lowest viral load
values. If neutralization titers were reduced by a factor of 7 to
10, viral load was increased about 10-fold in five of six patients
(HR002, HR005, HR010, HR001, HR004). Neutralization ti-
ters below 10 correlated with very high viral load in patient
HR003; however, in patient HR008 viral load was only 18,500
copies/ml of plasma. Thus, in 8 out of 10 patients there was
good association between neutralization titers determined on
macrophages and the viral load data in the respective serum
samples. One explanation could be the observation by Tsai
et al. that viruses released by macrophages are more infec-
tious than viruses coming out of lymphocytes (49). These
more-infectious viruses can then infect more target cells,
and thus macrophages would indirectly influence the viral
load in the patients. Consequently, neutralizing HIV on mac-
rophages should result in a pronounced reduction in the viral
load, as observed in 8 out of the 10 patients.

In summary, we could show for the first time that neutral-
izing antibodies are present in patients’ sera shortly after se-
roconversion. So far, the role of humoral immunity in early
virus control has been questioned, as neutralizing antibodies
could not be detected before approximately 1 year after infec-
tion. However, these conclusions were drawn from studies us-
ing lymphocytes as target cells. We could now demonstrate by
using primary macrophages as target cells that neutralizing
antibodies are present much earlier. Thus, besides CTL activ-
ity, humoral immunity defined on macrophages may very well
contribute to the early control of viremia in the patient. There-
fore, future vaccines should include antigens which are able to
induce neutralizing activity against HIV on primary macro-
phages.

TABLE 6. Relationship between neutralization titers of the early
serum samples on macrophages and viral load in the patients

Isolate Viral load
(103 copies/ml)

50% neutralization titer of
1st serum sample on

macrophages

Subtype B
HR002 19.4 30
HR003 650.5 0
HR005 19.6 26
HR010 31.8 21
HR011 2.2 284
HR014 70.2 49

Subtype C
HR001 42.2 34

Subtype E
HR004 9.3 25
HR008 18.5 0
HR009 4.1 206
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