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Among 75 consecutive human immunodeficiency virus type 1 (HIV-1)-infected patients with moderate and
advanced immunosuppression, those harboring syncytium-inducing (SI) HIV-1 had a lower CD4"-cell count
(145 versus 278 cells per pl, P < 0.001) and 10-fold-higher virus titers than patients with non-SI HIV-1 (398
versus 39 infectious units per 10° CD4* lymphocytes; P < 0.001). In patients with SI virus, the mean titer of
SI virus, determined with a quantitative MT-2 cell assay, was 135 SI infectious units per 10° CD4*
lymphocytes. Virus titer correlated inversely with CD4"-cell count in patients with SI (r = —0.67) but not

non-SI (r = —0.29) virus.

Virus burden and phenotype both correlate with severity of
immunosuppression in patients infected with human immuno-
deficiency virus type 1 (HIV-1). Patients with advanced disease
are likely to have a higher virus burden (24, 6) and to harbor
HIV-1 strains that induce syncytia in CD4" lymphoblastoid
cell lines (syncytium inducing [SI]) (1, 12). High virus burden
and SI phenotype are also each predictive of disease progres-
sion (2, 4, 7).

To study the relationship of virus burden to the SI pheno-
type, we quantified the total number of infectious units and the
number of SI units per million patient CD4™ T lymphocytes.
The titer of infectious virus was measured by culturing serial
dilutions of patient peripheral blood mononuclear cells
(PBMC) in phytohemagglutinin-stimulated PBMC from HIV-
seronegative individuals (donor PBMC) (5). The titer of SI
virus was measured by culturing serial dilutions of patient
PBMC in MT-2 cells, a CD4™" lymphoblastoid cell line. Donor
PBMC support the growth of SI and non-SI (NSI) strains,
whereas MT-2 cells only support the growth of SI strains (8).

Methods. After patients gave informed consent, blood sam-
ples were obtained from 75 consecutive HIV-1-seropositive
patients with moderate and advanced immunodeficiency par-
ticipating in clinical trials. PBMC were isolated by Ficoll-
Hypaque centrifugation, washed, and counted. Six serial five-
fold dilutions of patient PBMC (10%, 2 X 10°, 4 X 10%, 8 X 10,
1.6 X 10, and 3.2 X 107 cells) were cultured in an MT-2 cell
assay to quantify SI strains and in a donor PBMC assay to
quantify all infectious HIV-1 strains (SI and NSI).

In the donor PBMC assay, the dilutions of patient PBMC
were cocultured in duplicate with 10° phytohemagglutinin-
stimulated donor PBMC. Cultures were propagated in RPMI
1640 medium with L-glutamine supplemented with 15% heat-
inactivated fetal bovine serum (Intergen, Purchase, N.Y.),
interleukin 2 (25 IU/ml; Cetus, Emeryville, Calif.), penicillin
(100 U/ml), and streptomycin (100 pg/ml). A 50% medium
exchange was performed twice weekly, and 500,000 donor
PBMC were added to each culture well after 7 days. After 14
days, the HIV-1 p24 antigen concentration was measured in

* Corresponding author. Mailing address: Division of Infectious
Diseases, Room S-156, Stanford University, Stanford, CA 94305.
Electronic mail address: robert.shafer@forsythe.stanford.edu.

212

each culture well by enzyme immunoassay (Abbott, Chicago,
Ill.), and wells with =100 pg/ml were considered positive.

In the MT-2 cell assay, the dilutions of patient PBMC were
cocultured in duplicate with approximately 1 X 10° to 2 X 10°
MT-2 cells. Cultures were propagated in the medium described
above without interleukin 2. An 80% medium exchange was
performed twice weekly. Wells were examined twice weekly,
and those with syncytia by day 14 were considered positive.

The titer of infectious virus, or 50% tissue culture infective
dose, per 10° patient PBMC was calculated for each assay with
the Karber formula (9). The 50% tissue culture infective dose
per 10° CD4* lymphocytes was calculated by correcting the
50% tissue culture infective dose per 10° PBMC for the
percent patient CD4* lymphocytes. The Student ¢ test was
used to compare the absolute value of CD4"-cell counts and
the log,, titers of infectious virus between groups of patients.
The Pearson correlation coefficients were also calculated with
the log,, titers of infectious virus.

Control experiments with purified stocks of SI virus (strains
I1IB and AO8-H112, obtained from the AIDS Reference and
Reagent Registry, National Institute of Allergy and Infectious
Diseases) titrated in MT-2 cells and donor PBMC demon-
strated no difference in the capacity of SI strains to grow in
MT-2 cells compared with that in donor PBMC (data not
shown).

Results. High virus burden and SI phenotype were both
associated with advanced immunosuppression. Virus burden,
determined with the donor PBMC assay, correlated inversely
with CD4*-cell count (r = —0.47), and of 75 patients, the 25
(33%) with an SI phenotype had a lower mean CD4"-cell
count than the 50 (67%) with an NSI phenotype (145 versus
278 cells per pl; P < 0.001).

To compare virus burdens of patients with SI and NSI
phenotypes, we examined the titer of infectious virus in the
donor PBMC assay for both groups of patients. The 25 patients
harboring virus with the SI phenotype had a 10-fold-higher
total virus burden than the 50 patients harboring virus with the
NSI phenotype (398 versus 39 infectious units per 10° patient
CD4™" lymphocytes [P < 0.001]; 95% confidence interval, 3- to
27-fold increase in virus burden [SI virus group versus NSI
virus group]) (Fig. 1). In a multiple linear regression analysis,
low CD4*-cell count (p = 0.001) and SI phenotype (P = 0.03)
were both independently associated with higher total virus
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FIG. 1. Titers of infectious HIV-1 per 10° CD4™" lymphocytes in 25 patients
with SI virus and in 50 patients with NSI virus. Titers were determined in the
donor PBMC assay, which is permissive for both SI and NSI strains. Patients with
SI virus had a 10-fold-higher virus burden than patients with NSI virus (398
versus 39 infectious units per 10° patient CD4* lymphocytes [P < 0.001]; 95%
confidence interval, 3- to 27-fold increase in virus burden).

burden. Thus, SI phenotype and high virus burden correlated
with each other as well as with CD4"-cell depletion.

We examined the effect of virus phenotype on the correla-
tion of virus titer with CD4 " -cell count. Among the 25 patients
with SI virus, there was a strong inverse correlation between
virus titer and CD4"-cell count (r = —0.67) (Fig. 2A). In
contrast, among the 50 patients with NSI virus, there was a
weak inverse correlation between virus titer and CD4"-cell
count (r = —0.26) (Fig. 2B).

To ascertain the relative proportions of SI and NSI viruses in
patients with the SI phenotype, we compared the titers of SI
virus obtained with the MT-2 cell assay with the titers of all
infectious virus obtained with the donor PBMC assay. The
mean titer of SIvirus (obtained with the MT-2 cell assay) in the
25 patients with the SI phenotype was 135 infectious units per
10° CD4™ T lymphocytes (range, 5 to 3,125). In contrast, the
mean virus titer (obtained with the donor PBMC assay) in
these 25 patients was 398 infectious units per 10° CD4*
lymphocytes.

Discussion. In this group of HIV-1-infected patients with
moderate and advanced immunosuppression, we have con-
firmed that SI phenotype and high virus burden are each
associated with CD4"-lymphocyte depletion. In addition, we
have observed a 10-fold-higher virus burden in the 25 patients
with SI virus than in the 50 patients without SI virus. Virus
burden and SI phenotype, therefore, are codependent vari-
ables, each also correlating with the severity of immunosup-
pression.

The titer of infectious virus was calculated per 10° patient
CD4" lymphocytes, because nearly all circulating proviral
HIV-1 is found within CD4" lymphocytes (10, 13). The virus
titers determined by the donor PBMC and MT-2 cell assays at
14 days may underestimate the circulating virus burden. Cul-
ture techniques appear less sensitive in detecting HIV-1 than
quantitative DNA PCR techniques (10, 13). Moreover, higher
virus titers might have been obtained if quantitative cultures
had been incubated for even longer periods.

Quantitative assays of HIV-1 are increasingly being used to
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FIG. 2. Correlation of HIV-1 titer with CD4"-lymphocyte count among 25
patients with SI virus (A) and 50 patients with NSI virus (B). The titer of
infectious virus, or 50% tissue culture infective dose, per 10° patient PBMC was
calculated for each assay with the Karber formula (9).

monitor virus burden in HIV-l-infected patients (5). Our
finding, that virus titer correlated inversely with CD4 " -cell
count in patients with SI but not NSI virus, requires confirma-
tion with a larger number of patients. A poor correlation
between virus titer and CD4"-cell count in patients with NSI
virus may reflect the presence of variables in addition to
circulating virus burden which are influencing the rate of
CD4*-lymphocyte depletion.

Previously described methods for detecting the SI pheno-
type have been qualitative. Therefore, it has not been known
whether SI strains constitute a small fraction or the majority of
viruses in patients with the SI phenotype. Indeed, Schuite-
maker et al. have tested biological clones from a patient
harboring virus with the SI phenotype and shown that NSI
strains were also present (11). By using a quantitative assay for
SI virus, we have shown that in patients with the SI phenotype,
many SI infectious units may be present. However, the titer of
SI virus in MT-2 cells was generally lower than the titer of
infectious virus in donor PBMC. One explanation for this
result is the persistence of a large proportion of NSI strains in
patients with the SI phenotype. Alternatively, MT-2 cells may
be less susceptible than donor PBMC to infection, even with SI
virus strains. In both cases, SI strains constitute more than a
small fraction of infectious viruses in patients with the SI

phenotype.
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