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Human immunodeficiency virus isolates were studied with respect to syncytium-inducing capacity, replica-
tive properties, and host range. Five of 10 isolates from patients with acquired immunodeficiency syndrome
(AIDS) and AIDS-related complex were able to induce syncytia in cultures of peripheral blood mononuclear
cells (MNC). In contrast, only 2 of 12 isolates from asymptomatic individuals had syncytium-inducing capacity.
Syncytium-induciiig isolates were reproducibly obtained from the same MNC sample in over 90% of the cases,
independent of the donor MNC used for propagation. Syncytium-inducing capacity was shown to be a stable
property of an isolate, independent of viral replication rates. Evidence was obtained that the high replication
rate of syncytium-inducing isolates observed during primary isolation may be due to higher infectivity of these
isolates. The finding that only syncytium-inducing isolates could be transmitted to the H9 cell line is compatible
with this higher infectivity. The frequent isolation of syncytium-inducing isolates from individuals with
AIDS-related complex or AIDS and the apparent higher in vitro infectivity of these isolates suggest that
syncytium-inducing isolates may unfavorably influence the course of human immunodeficiency virus infection.

One of the features of human immunodeficiency virus
(HIV) infection is the variability of the latency period
between seroconversion and the development of disease.
This period may range from a few months to 5 years or more
(13, 22), and possibly some HIV-seropositive individuals will
never develop acquired immunodeficiency syndrome (AIDS)
or AIDS-related complex (ARC). Host-dependent condi-
tions, such as constitutional factors or differences in anti-
genic load (e.g., allogeneic stimuli, other viral infections),
may account for the differences in the clinical course ob-
served. Alternatively, differences in pathogenicity of HIV
strains or the development of a more virulent strain in the
course of infection may codetermine the outcome of HIV
infection.
Recent investigations have demonstrated variability be-

tween HIV isolates at the molecular level (1, 3). Variability
has been shown to be most pronounced in the env gene (10,
26, 30). Also, HIV strains can be distinguished with mono-
clonal antibodies to gag proteins (8; M. Tersmette et al.,
manuscript in preparation). Differences in in vitro growth
characteristics of HIV isolates cultured from peripheral
blood mononuclear cells (MNC) of seropositive individuals
have been reported (2, 4, 7). In the present study, we
investigated differences in syncytium-inducing capacity, rep-
lication rate, and host range of HIV isolates obtained from
different clinical groups, and we analyzed whether these
differences reflected stable viral properties.

MATERIALS AND METHODS

Subjects. HIV isolates were recovered from seropositive
individuals visiting the outpatient clinic of the Academic
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Medical Center, Amsterdam, or participating in a large
cohort study (6).

Virus isolation. MNC from seropositive individuals were
obtained by isolation on a Percoll density gradient. MNC
were used either fresh or after cryopreservation. MNC (5 x
106) from seropositive individuals were cocultivated with 2
x 106 2-day phytohemagglutinin (PHA)-prestimulated MNC
from healthy seronegative blood donors. Cells were cultured
in 8 ml of Iscove modified Dulbecco medium containing 10%
fetal calf serum, 5 ,ug of Polybrene per ml, partly purified
interleukin 2 (20 U/ml), 1 pLg ofPHA per ml, and antibiotics.
Twice a week, starting on day 3, cells were pelleted, and
supernatants were polyethylene glycol precipitated (polyeth-
ylene glycol 6000, final concentration 7.5%) for testing in
reverse transcriptase (RT) and antigen-capture assays. The
cells were suspended at a concentration of 106/ml in the same
medium without PHA. Once a week, fresh 2-day PHA-
stimulated MNC of a healthy blood donor were added to the
cultures. Cultures were considered positive when superna-
tants were positive (i.e., over three times negative control) in
either antigen-capture or RT assays on at least two occa-
sions. Cultures were kept for at least 40 days, unless the
presence of HIV was demonstrated earlier. With this isola-
tion technique, HIV was detected in 100% of MNC cultures
from patients with ARC or AIDS, in >90% ofMNC cultures
from individuals with persistent generalized lymphadopathy,
and in -70% of MNC cultures from asymptomatic individ-
uals (Tersmette et al., in preparation). The presence of
syncytia in coded samples was repeatedly and independently
assessed by two observers. The number of syncytia in a
culture was scored in a semiquantitative manner when
indicated.

In some experiments, HIV was isolated from CD8+ T-cell-
depleted MNC. MNC were depleted for CD8+ T cells by a
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TABLE 1. Characteristics of 24 HIV isolates in primary cocultures of MNC from seropositive individuals and healthy blood donors

Syncytium-inducing isolates Non-syncytium-inducing isolates

Clinical statusa RT assay RT assayTransmission Transmission
Detectionb Peak value' to H9 cells' Detectionb Peak valuec to H9 cellsd

(days) (cpm, 103) (days) (cpm, 103)

AS 20 106 2/2 22 19 0/10
PGL 11 81 1/1 14 69 0/1
ARC 5 115 2/2 11 81 0/1
AIDS 7 170 3/3 13 54 0/4

a AS, Asymptomatic; PGL, persistent generalized lymphadenopathy.
b Mean time of culture required for first detection of viral replication by RT assay.
' Mean of peak values in RT assay observed for each culture.
d Transmission to H9 cells was attempted by cocultivation and cell-free infection.

negative "panning" technique on sheep anti-mouse immu-
noglobulin G (IgG)-coated petri dishes, as previously de-
scribed (19). Cell surface marker analysis was performed on
a Coulter Epics-C cytofluorometer (Coulter Electronics,
Hialeah, Fla.). T-cell subsets were determined with CD4 and
CD8 monoclonal antibodies in combination with fluorescein-
conjugated goat anti-mouse IgG (produced in our institute).

Transmission to the H9 cell line. For transmission of HIV
isolates from MNC cultures to H9 cells (24), both cocultiva-
tion and cell-free infection were employed. In vitro HIV-
infected MNC (5 x 106) were cocultivated with 5 x 106 H9
cells in a 1-ml volume at 37°C in the presence of Polybrene
(2.5 ,ug/ml) for 1 h. Alternatively, polyethylene glycol 6000-
precipitated or ultracentrifuge-pelleted (120,000 x g, 2 h)
supernatants from HIV-infected MNC cultures were incu-
bated with 107 H9 cells under the same conditions. After
incubation, cells were cultured at 0.5 x 106/ml in Iscove
modified Dulbecco medium containing 10% fetal calf serum,
antibiotics, and Polybrene (2.5 ,ug/ml).

Infection experiments with cell-free virus. Cell-free virus
preparations were obtained by ultracentrifuge pelleting
(120,000 x g, 2 h) of MNC culture supernatants. For virus
stock preparation, pellets were carefully suspended, aliquot-
ed, frozen in liquid N2, and stored at -80°C until used. For
cell-free infection, 2-day PHA-stimulated MNC from blood
donors were incubated for 2 h at a concentration of 5 x 106
cells per ml in the presence of Polybrene (25 ,ug/ml) at 37°C.
Subsequently, cells were cultured at 106/ml in the same
medium as used in the virus isolation procedure, without
PHA.
TCID50 determination. For determination of 50% tissue

culture infectious dose (TCID50), multiple serial dilutions of
virus stocks were titrated onto PHA-stimulated donor MNC
(106/ml) in microtiter plates. HIV replication was detected
by testing of the culture supernatants in a p24 antigen-
capture enzyme-linked immunosorbent assay at days 10 and
14. TCID50 was defined as the dilution of virus stock
resulting in 50% infected cultures under the conditions
described above.
RT assay. The RT assay was performed as described

before (24) with slight modifications. Briefly, 8-ml samples of
culture supernatants were precipitated with polyethylene
glycol (7.5% final concentration). The precipitate was sus-
pended in 100 ,ul of 50 mM Tris hydrochloride (pH 7.5)
containing 0.25 M KCl, 20% glycerol, and 0.25% Triton
X-100. The assay was performed under conditions as de-
scribed before (12), with the omission of glutathione.

Antigen-capture assays. HIV p24 in supernatants was
detected by two types of antigen-capture assays. In HIV
isolation studies, a radioimmunoassay was used, which is

described in detail elsewhere (Tersmette et al., in prepara-
tion). In this assay, HIV p24 is captured by rabbit IgG
anti-HIV coupled to Sepharose beads and detected by a
1251I-labeled monoclonal antibody directed to HIV p24. For
TCID50 determinations, a sandwich enzyme-linked immuno-
sorbent assay for HIV p24 was used. Inactivated culture
supernatants were added to microtiter plates coated with
purified rabbit IgG. After washing, bound p24 was detected
with horseradish peroxidase-labeled monoclonal antibody to
p24, followed by substrate.

RESULTS

HIV isolation from MNC from seropositive individuals. In
this study, we obtained and analyzed HIV isolates from
seropositive individuals, spanning the whole clinical spec-
trum of HIV infection.
The main features of virus isolates consecutively obtained

from 24 individuals belonging to different clinical groups are
shown in Table 1. The mean time of culture required for
detection of HIV in the supernatant by RT assay decreased
with progression of disease. In about 30% of the cultures,
syncytium formation was observed (Fig. 1). Syncytium-
inducing isolates were seen in MNC cultures from 5 of 10
patients with ARC or AIDS, but only in 2 of 12 MNC
cultures from asymptomatic individuals (Table 1). In these
cultures, RT activity was detected earlier than in MNC
cultures from individuals of the same clinical group, and RT
peak activity was consistently higher (Table 1). Transmis-
sion to H9 cells was attempted by cocultivation and infection
with cell-free virus. Successful transmission, resulting in
continuous replication, was obtained with all syncytium-
inducing but none of the non-syncytium-inducing isolates.
HIV was repeatedly isolated from cryopreserved MNC

from the same sample used for the initial isolation from 13 of
24 subjects described in Table 1. In most cases, all isolates
obtained from one person either did or did not induce
syncytia, the only exception being an asymptomatic individ-
ual (no. 33) from whom a syncytium-inducing HIV isolate,
transmissible to H9, was obtained in only one of five
isolations (Table 2). Moreover, preliminary studies on se-
quential HIV isolates from six individuals obtained over a
period of 18 months showed remarkably constant properties
with respect to replication rate, syncytium induction, and
transmissibility to the H9 cell line (Tersmette et al., in
preparation).
MNC of three seropositive asymptomatic individuals, who

previously had yielded non-syncytium-inducing isolates,
were cultured in parallel with and without depletion for
CD8+ cells. Depletion for CD8+ cells did result in earlier
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FlG. 1. Representative examples of MNC cultures infected with syncytium-inducing (A, HIVAMS16; B, HIVAMS42; C, HIVAMs42) or
non-syncytium-inducing (D, HIVAMS24; E, HIVAMs35) HIV isolates. The large, multinucleated syncytial cells with irregularly shaped
cytoplasm can be easily distinguished from normal MNC clusters (for instance, note the difference between the two syncytia and the normal
cell cluster in panel C). (F) Uninfected MNC control.

detection of HIV replication, as has been described before
(29). However, no effect was observed with respect to the
occurrence of syncytia (Table 3).

Induction of syncytia is independent of donor leukocytes. To
study whether nonviral factors, such as the number of
infected patient cells or the level of CD4 expression of the
donor cells, are major determinants in the process of syncy-
tium induction, MNC of five different blood donors were
infected with fresh, cell-free inocula of three syncytium-
inducing isolates (HIVAMS37, HIVAMS42, and human T-cell
lymphotropic virus type IIIB) and one non-syncytium-in-
ducing isolate (HIVAMS24). As has been reported before (7,
9), some differences in HIV replication were observed

between MNC cultures from different donors (Fig. 2). With
all five MNC, the ranking order of HIV isolates with respect
to replication rate was roughly the same (Fig. 2). Within 8
days, all three syncytium-inducing isolates produced numer-
ous (over five syncytia per 10Ox field) large syncytia in
cultures from all five donor MNC. Only minor variations in
size and number of syncytia could be observed among
cultures of different donor MNC. HIV replication in
HIVAMs24-infected cultures was higher than or equal to the
replication observed in cultures infected with HIVAMS42 and
-37, respectively (Fig. 2). Nevertheless, in cultures infected
with HIVAMs24, only a few, small (<10 nuclei), transiently
present syncytia could be observed.
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TABLE 2. Reproducibility of isolation of syncytium-
inducing HIV strains

Clinical No. of No. of
Subject no. status isolations syncytium-

inducing isolates

33 ASa 5 1
35 AS 4 0
49 AS 3 0
52 AS 3 0
53 AS 3 0
16 ARC 6 6
42 ARC 4 4
24 AIDS 3 0
32 AIDS 3 3
37 AIDS 5 5
38 AIDS 5 0
54 AIDS 2 0
55 AIDS 2 2

aAS, Asymptomatic.

Syncytium induction is a replication-independent property
of HIV isolates. To address the relation between HIV repli-
cation and syncytium formation more fully, MNC of two
different healthy donors were infected with high equal doses
of five different HIV isolates (three syncytium inducing, two
non-syncytium inducing). Inocula were carefully adjusted by
titration in the RT assay. Also, the TCID50s of the inocula
were determined. After a 2-h incubation, cells were washed
twice to remove free virus. All three isolates which induced
syncytia in cocultivation experiments produced high num-
bers of large syncytia. In contrast, in cultures infected with
HIVAMSS3 and HIVAMS35, only few small syncytia or no
syncytia at all, respectively, were observed (Table 4). At day
5, 10 to 15% of the cells of cultures infected with either type
of virus expressed HIV antigen, as detected with a biotin-
avidin staining technique. Virus replication, as determined
by RT activity measured at three time points, did not
significantly differ between syncytium- and non-syncytium-
inducing isolates. This experiment demonstrates that occur-
rence of syncytia is not just a result of high virus replication
and that between HIV isolates there are obvious differences
in syncytium-inducing capacities.
Rapid spread of syncytium-inducing isolates in MNC. In the

previous experiment, differences in replication were not
found when identical MNC were infected with high equal
doses of syncytium- and non-syncytium-inducing isolates.
Nevertheless, in primary isolations, starting with low num-
bers of infected cells, syncytium-inducing isolates grew
more rapidly to high titers (Table 1). To study the latter
phenomenon, the following experimental setup was de-
signed. PHA-prestimulated MNC (0.5 x 106) were infected
with high equal inocula of the same strains used in the
previous experiment (Table 5). After a 2-h incubation, the
cells were thoroughly washed and added to cultures of 4.5 x
106 PHA-prestimulated MNC of the same donor. Thus, on
the basis of the data presented in Table 4, these cultures may
be expected to have been inoculated with comparable num-
bers of infected autologous cells. In agreement with obser-
vations in primary isolations, the syncytium-inducing iso-
lates were found to replicate much more rapidly compared to
non-syncytium-inducing isolates (Table 5), indicating a more
rapid spread of the former.

DISCUSSION
In the present report, we studied differences in in vitro

properties of HIV isolates. In the initial isolation experi-

TABLE 3. Effects of CD8+ cell depletion on the isolation of
slow-replicating, non-syncytium-inducing HIV isolates

Subject CD8 %X0 CD8+ Antigen-capture RT assay
no.' depletion cells assay detection Detectionb Peak value'

(days) (days) (cpm, 103)
46 - 43 15 >30 <5

+ 13 8 13 18
52 - 34 13 >30 6

+ 7 13 19 16
53 - 31 30 >30 <5

+ 6 19 >30 <5

a All subjects were asymptomatic.
b Mean time of culture required for detection of HIV replication in the

antigen-capture assay or RT assay (cultures in duplicate).
' Mean peak value in the RT assay observed at 30 days of culture.

ments, two observations attract attention (Table 1). First,
the time of culture required for first detection of viral
replication by RT activity was decreased in MNC cocultures
from individuals at later stages of disease. This is in agree-
ment with the results of Asjo et al. (2). Second, in cultures
from about 30% of the individuals, syncytia could be de-
tected. Although the number of subjects tested is too small
for definite conclusions, it seems that syncytium-inducing
isolates are found more often in cultures from patients with
ARC and AIDS.
Remarkably, transmission to the H9 cell line, resulting in

stable infection, could be achieved with all syncytium-
inducing HIV isolates, but with none of the non-syncytium-
inducing isolates. This is in agreement with previous reports
that only about 30% of the HIV isolates can be transmitted to
HIV-permissive cell lines (2, 7). The failure of HIV isolates
to induce syncytium formation was not due to suppressor
activity mediated by CD8+ cells (29).
From cell-free transmission experiments, it can be con-

cluded that the capacity to induce syncytia in culture is a
stable property exhibited by particular HIV strains.

Several groups have shown that the binding of the viral
gp120 to the CD4 molecule is the initial step in both
syncytium formation (16, 25) and cell-free infection (17, 18).
Since syncytium formation can be blocked by certain mono-
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FIG. 2. RT activity at day 8 in supernatants of cultures of five
different donor MNC, infected with four different HIV isolates.
Symbols: O, HIVAMS24; *, H1VAMS37; 0, HIVAMS42; U, human
T-cell lymphotropic virus type IIIB. HIVAMS24 was non-syncytium
inducing; HIVAMS37 and -42 were syncytium inducing in primary
isolation. Horizontal bars represent means.
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TABLE 4. Differences in syncytium formation in MNC cultures infected with high, equal infectious doses of different HIV isolates'
Inoculum MNC cultures

HIV isolate Presence of RT activityd
(conditionb) syncytia in RT activity Syncytia' at day: (cpm, 103) at day:original isolation (cpm, 105) TCID50

3 5 7 10 12 5 10 13

HIVAMS16 (ARC) + 34 104.0 + + + + + + + + + 115 20 6
HIVAMS35 (AS) - 39 105.2 _ _ _ _ - 139 22 7
HIVAMS42 (ARC) + 28 105.0 + + + + + + + + + 114 5 5
HIVAMS53 (AS) - 38 104.0 - + - + ± 113 15 5
HIVAMS55 (AIDS) + 33 105 + + ++ ++ ++ 165 11 4

a MNC were incubated with viral inocula for 2 h. Cells were then washed thoroughly and put into culture at 106 cells per ml.
b Clinical condition of the individual from whom the isolate was obtained; AS, asymptomatic.
-, No syncytia present; t, only occasionally small syncytia present; +, one to five syncytia per 100x field; + +, over five syncytia per 100x field.

d Mean of duplicate cultures.

clonal antibodies to CD4 at a lower concentration than
cell-free infection, it is thought that for syncytium formation
higher numbers of interacting CD4 and gpl20 molecules are
required (5). Therefore, differences in syncytium-inducing
capacity of HIV isolates may be due to differences in
regulation of viral expression, as a consequence of which
some HIV isolates induce higher densities of gpl20 mole-
cules at the cell surface. Second, the gpl20 of some HIV
variants could have higher affinity for the CD4 molecules
than others. Third, differences in other HIV components
thought to be active in the process of virus entry, particu-
larly gp41 (14) and the 23-kilodalton SOR protein (27), may
contribute to differences in syncytium induction by HIV
isolates.
When MNC cultures were infected with high, equal inoc-

ula of different HIV isolates, no differences in viral replica-
tion rate were observed between syncytium- and non-syncy-
tium-inducing isolates. Since in this type of experiment it
may be expected that, due to high multiplicity of infection,
most susceptible cells become simultaneously infected, this
finding indicates that there is no difference in efficiency of
virion production per cell between syncytium- and non-
syncytium-inducing isolates. On the other hand, experi-
ments with cellular inocula, containing comparable numbers
of infected cells, revealed clear differences in virus replica-
tion rates in MNC culture between the two types of isolates.

TABLE 5. Rapid replication of syncytium-inducing HIV isolates
in MNC cultures infected with cellular inocula

MNC cultures
Presence RT activity RT activity'

HIV isolate of syncytia of HIV Syncytiac at pT ) at
(conditiona) in original prepnb day: (cpm, 10-a

isolation (cpm, 104) day:
4 7 10 4 7 11

HIVAMS16 (ARC) + 78 + + + + + 36 34 12
HIVAMs35 (AS) - 102 - - - 3 3 11
HIVAMs42 (ARC) + 78 + + + + + 35 74 7
HIVAMS53 (AS) - 96 - - - 3 3 31
HIVAMS55 (AIDS) + 66 + + + + 28 76 8

a Clinical condition of the individual from whom the isolate was obtained;
AS, asymptomatic.

b HIV preparation used to prepare the cellular inoculum. Cells (0.5 x 106)
were incubated with the virus preparation for 2 h, washed thoroughly, and
added to cultures of 4.5 x 106 autologous MNC.

c -, No syncytia present; +, one to five syncytia per 100x field; + +, over
five syncytia per 100x field.

d Mean of duplicate cultures.

Apparently, syncytium-inducing isolates have a compar-
atively high infectivity, resulting in a more rapid spread,
leading to higher replication rates as detected by RT activity
in the culture supernatant. The early and high RT activity
produced by syncytium-inducing isolates in this experiment
is in agreement with the early and high RT activity observed
during primary isolation of syncytium-inducing isolates
(Table 1).
Both syncytium-inducing capacity and high infectivity

may well be a consequence of the same viral denominator.
Moreover, the ability of syncytium-inducing isolates to
persistently infect the H9 cell line may also be related to this
same property. Since in experiments with cell-free virus
inocula no difference in replication rate was observed, it
seems most likely that this property is structural rather than
regulatory. Thus, the biological differences between syncy-
tium- and non-syncytium-inducing isolates are probably
caused by structural differences in gpl20, gp41, or possibly
SOR molecules.
One of the central, unresolved problems in the pathogen-

esis of AIDS is the exact mechanism by which CD4+ T-cell
depletion occurs, since at no point in time in the course of
infection could more than 1 in about 104 MNC be shown to
be infected with HIV (11). A possible explanation for this
apparent paradox is the hypothesis according to which
CD4+ T-cell depletion occurs by syncytium formation of
long-living, low CD4-expressing, infected cells (e.g., mono-
cytes [15], dendritic cells [21], or Epstein-Barr virus-trans-
formed B cells [20, 28]) with uninfected high CD4+-ex-
pressing T cells (24). If this mechanism were to account for
the CD4+ T-cell depletion, it may be expected that syncy-
tium-inducing capacity of HIV isolates would correlate with
later stages of disease. The results of our experiments seem
partially to favor this hypothesis. Syncytium-inducing iso-
lates were observed more frequently in MNC cocultures
from patients with ARC and AIDS than in cultures from
asymptomatic individuals (Table 1). The apparent higher
infectivity of these isolates may lead to a more rapid spread
of the virus. Moreover, the ability of syncytium-inducing
HIV isolates to persistently infect H9 cells may reflect the
fact that these isolates have acquired a broader host range,
enabling them to infect more subpopulations of CD4+ T
cells. Recent observations in a large cohort of homosexual
men identified sexual contact with a person in whom AIDS
developed as an independent risk factor for progression to
AIDS (23). This also may indicate the presence of more
virulent HIV strains in such persons. Nevertheless, in our
study also non-syncytium-inducing HIV isolates were ob-
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tained from patients with ARC and AIDS. Some HIV
isolates, HIVAMS24 and -53, that were not able to produce
syncytia in cocultivation assays, temporarily induced some
small syncytia when MNC were infected at a high multiplic-
ity of infection, presumably due to synchronization of the
replication cycle occurring in this type of experiment. This
may indicate that the differences in syncytium-inducing
capacity between HIV isolates are gradual rather than
absolute. In our preliminary, longitudinal study, a switch
from one type of HIV to the other was not observed.
However, the isolation of a syncytium-inducing HIV variant
from one asymptomatic individual in one out of five exper-
iments (Table 2) may indicate that these changes do occur,
albeit at a low frequency. Closer analysis of the putative
variability of env or sor gene products between syncytium-
inducing and non-syncytium-inducing HIV variants may
contribute to a better understanding of the pathogenesis of
HIV infection.
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