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The current experiments use the Friend retrovirus model to dem-
onstrate that vaccine-primed B cells are essential for sterilizing
immunity, and the results indicate that the requisite function of
these cells is the production of virus-neutralizing antibodies rather
than priming or reactivation of T cells. B cell-deficient mice were
poorly protected by vaccination, but adoptive transfer experi-
ments showed that the T cells from B cell-deficient mice were
primed as well as those from wild-type mice. Furthermore, passive
transfer of virus-neutralizing antibodies completely compensated
for B cell deficiency. The presence of virus-neutralizing antibodies
at the time of infection was crucial for vaccine efficacy. Interest-
ingly, virus-neutralizing antibodies worked synergistically with
vaccine-primed T cells to provide a level of protection many orders
of magnitude greater than either antibodies or immune T cells
alone. Nonneutralizing antibodies also contributed to protection
and acted cooperatively with neutralizing antibodies to reduce
infection levels. These results emphasize the importance of induc-
ing both T cell responses and virus-neutralizing antibody responses
for effective retroviral vaccine protection.

Friend virus (FV) infection in mice has proven to be a useful
model for determining the fundamental requirements for

immunological protection from a retroviral infection. FV is an
immunosuppressive retrovirus that infects adult mice of all
strains tested. Genetically resistant strains of mice recover from
acute infection, but the virus is never cleared and the mice
maintain low-level persistent infections for life (1, 2). Rapid
establishment of persistence is a common feature among retro-
viruses that makes sterilizing immunity difficult to achieve. The
only vaccine that has consistently provided sterilizing immunity
against FV is a live attenuated virus (3, 4). Unfortunately, live
attenuated retroviruses have the potential to mutate and recom-
bine into virulent forms, making them unsafe for use in humans
(5–8). Nevertheless, attenuated viruses are powerful tools for
studying the basic requirements for vaccine protection.

Previous studies demonstrated that vaccine protection against
FV required the involvement of all three major lymphocyte
subsets: CD4� T cells, CD8� T cells, and B cells (9). The current
study more closely examines the role of one of these subsets, the
B cells, to determine what critical function they provide. The
most obvious role of B cells is production of virus-specific
antibody. It is well established that passive transfers of HIV-
neutralizing antibodies can protect monkeys from subsequent
infection with chimeric simian–human immunodeficiency virus
(SHIV) (10–15). These experiments have proven the efficacy of
antibodies in suppressing retroviral infection, but they do not
directly address the issue of whether such antibodies are essential
for effective vaccine protection. To date, HIV and SHIV
vaccines have been decidedly poor at eliciting and maintaining
virus-neutralizing antibody responses (16–21). This problem has
led to speculation that vaccine-induced T cell responses alone
might be sufficient for protection (22, 23). There has been some
success in generating CD8� T cell responses by prototype
vaccines both in experimental animals and in phase I clinical
trials (24–27), but T cell-based vaccines have not provided
sterilizing immunity.

In addition to antibody production, B cells also have been
shown to play important roles in the stimulation of T cell
responses through mechanisms such as antigen presentation
(28–32). Thus, the requirement for B cells in vaccine protection
against FV that we previously observed could have been due to
defective secondary T cell responses rather than the lack of
virus-specific antibodies. In the current study, the contributions
of virus-neutralizing antibodies and nonneutralizing antibodies,
the priming of T cells, and cooperative effects between antibod-
ies and T cells were investigated.

Materials and Methods
Mice. Experiments were conducted using female C57BL�6 (B6)
and B cell-deficient (B6.UMT) mice (The Jackson Laboratory)
(33). All of the mice were 12–24 weeks old at the beginning of
the experiments and were treated in accordance with the regu-
lations and guidelines of the Animal Care and Use Committee
of the Rocky Mountain Laboratories and the National Institutes
of Health.

Viruses, Vaccines, and Infections. The pathogenic FV stock used in
these experiments was an uncloned stock of FV complex de-
scribed in ref. 34. For challenge experiments, mice were injected
i.v. with 1,500 spleen focus-forming units (ffu) of FV. Vaccina-
tions were administered by i.v. injection of 10,000 ffu of N-tropic
Friend murine leukemia virus (F-MuLV) (35). FBL-3 is an
FV-induced tumor cell (36) that expresses the glycosylated form
of the Gag protein (glycoGag) on its cell surface (37, 38). Our
FBL-3 line expresses no detectable cell surface Env protein but
produces cytoplasmic Env. It does not produce infectious virus
particles (data not shown). Vaccinations were administered by
intradermal implantation of 107 viable FBL-3 cells. For detec-
tion of tetramer responses from spleen cells, 5 � 106 FBL-3 cells
were injected i.p.

Cell Surface Staining and Flow Cytometry. Cell surface staining was
performed with Becton Dickinson�Pharmingen reagents (ex-
cept where noted): FITC-anti-CD43 (1B11), FITC-anti-
CD4(RM4-5), phycoerythrin (PE)-anti-CD19(1D3), and allo-
phycocyanin (APC)-anti-CD8(53-6.7). Dead cells (propidium
iodidehigh) were excluded from all cell surface analyses. Data
were acquired on a flow cytometer (FACSCalibur, Becton
Dickinson), and analyses were performed by using CELLQUEST
PRO software (Version 4.0.1, Becton Dickinson).

Viremia Assays. For viremia assays, freshly frozen plasma samples
were titrated by using focal infectivity assays (39) on susceptible
Mus dunni cells pretreated with 4 �g�ml Polybrene. The cultures
were incubated for 4 days, fixed with ethanol, and labeled first
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with F-MuLV-envelope-specific mAb 720 (40) and then with
goat anti-mouse peroxidase-conjugated antisera (Cappel) fol-
lowed by 3-amino-9-ethylcarbazole (Sigma) as substrate to de-
tect foci.

Virus-Neutralizing Antibody and Infectious-Center (IC) Assays. Plasma
samples were assayed for antibodies as described in ref. 41. The
titer was defined as the dilution at which �75% of the input virus
was neutralized. The IC assays were performed as described in
ref. 42.

Tetramers and Tetramer Staining. For detection of Db-GagL-
specific CD8� T cells (43), nucleated spleen cells were dually
stained with APC-labeled anti-CD8 and PE-labeled MHC class
I H2-Db tetramers (Beckman Coulter) specific for FV GagL
peptide (Db-GagL tetramers) constructed as described in ref. 44.

Enrichment of Lymphocyte Subsets and Adoptive Cell Transfers. The
MidiMACS separation system (Miltenyi Biotec, Auburn, CA)
was used for the purification of B and T lymphocyte subsets as
described in ref. 9. Fraction purities were between 90% and 94%
and fractions contained �5% dead cells. Adoptive transfers
were done by i.v. injection of 1.9–2 � 107 purified cells as
described in ref. 9.

Treatment of Mice with Antibodies. mAb 48 is a mouse IgG2a
specific for the Env protein of F-MuLV (45). For in vivo
treatments, 37 �g of mAb 48 was injected i.p., yielding a mean
neutralizing titer of 1:48 vs. 1:40 after vaccination with live
attenuated virus (see Fig. 2C). mAb 34, is a mouse IgG2b specific
for the glycoGag protein (45), which is expressed on infected
cells but present at extremely low levels in virion particles (38).
For in vivo treatments, 42 �g of mAb 34 was injected i.p.,
resulting in a mean binding titer of 1:640, equivalent to the titer
after vaccination with live attenuated virus (Fig. 2C). In vivo
CD4� T cell depletions were done as previously described (1)
using mAb from clone 191.1 injected i.p. on days �7, �5, �3, 0,
and 2 relative to FBL-3 inoculation. After depletion, splenic
CD4� T cell levels were all �0.5% in the B6.UMT mice and
�5% in B6 mice at 8 days after FBL-3 inoculation. For passive
transfers, 0.5 ml of neat immune serum was used. The serum was
obtained from B6 mice immunized and boosted with 104 ffu of
B-tropic F-MuLV. The day after passive transfer, mouse plasma
contained a virus-neutralizing mean titer of 1:90 and an FBL-
3-binding titer of 1:320.

Results
B Cells Are Critical for Vaccine Protection Against Spleen Infection. To
analyze the importance of B cells and antibodies in protection
against FV the responses of wild-type C57BL�6 and B6.UMT
mice were studied after immunization with the FV-induced
tumor cell, FBL-3. FBL-3 cells express a cell-surface form of the
Gag protein (glycoGag) (37, 38) but very little or no detectable
cell surface Env protein, and FBL-3 cells do not produce
infectious virus particles (data not shown). We were interested
in FBL-3 as a vaccine because lack of Env protein expression
indicated that no virus-neutralizing antibody response would be
elicited, and testing responses to this vaccine would help us
examine the relative importance of virus-neutralizing and non-
neutralizing antibodies. Immunization with FBL-3 tumor cells
has previously been shown to induce both CD4� (46) and CD8�

T cell responses (43, 47) in B6 mice, but B6.UMT mice had not
been tested. To determine whether immunization with FBL-3
tumor cells also elicited CD8� T cell responses in B6.UMT mice,
tetramers were used to analyze spleen cells for the presence of
CD8� T cells specific for the Db-GagL epitope of FV (43, 44).
At 8 days after vaccination with FBL-3, the percentage of
tetramer-positive cells in the CD8� T cell subset increased

significantly above background in most mice of both strains (Fig.
1). However, the average tetramer response was significantly
higher in the B6.UMT mice than in wild-type B6 (P � 0.05).
Thus, for the immunodominant CD8� T cell epitope of FBL-3
cells, the response was higher in B6.UMT than in B6. This
increase could have been due to a mechanism to compensate for
the lack of B cells. When the mice were depleted of CD4� T cells
before vaccination, no significant expansion of tetramer-positive
CD8� T cells occurred in either strain (Fig. 1). Thus, the
expansion of FBL-3-specific CD8� T cells was CD4-dependent.

At 1 month after vaccination, the mice were challenged with
a high dose of FV. FBL-3-vaccinated B6 mice had high titers of
FBL-3-binding antibodies at 1 week after challenge but no
detectable virus-neutralizing antibody titers (Fig. 2B). FBL-3
vaccination protected against viremia and reduced the number
of infected spleen cells at 2 weeks after infection but did not
provide consistent sterile immunity. In contrast, vaccination

Fig. 1. Tetramer staining of CD8� T cells. CD8� T cells from spleens of B6 mice
and B6.UMT mice were stained with Db-GagL tetramers. The CD4� group was
depleted of CD4� T cells before immunization with FBL-3 tumor cells. Statis-
tical analysis by using ANOVA with a Tukey–Kramer multiple-comparisons
posttest showed significant differences between naive and vaccinated mice of
both strains (P � 0.01) and also between FBL-3-immunized B6 and B6.UMT
mice (P � 0.05). There were no significant differences between naive and
CD4-depleted, FBL-3-immunized mice. Each circle represents results from a
single mouse.

Fig. 2. The effects of vaccination. Each dot represents results from a single
mouse. The limit of detection for the spleen IC assays was 1 IC per 3 � 107

spleen cells. Antibody titers are log2 geometric means determined by the last
doubling dilution that produced 75% neutralization or, for FBL-3 binding, the
last doubling dilution that produced 50% of the maximum mean fluorescence
intensity signal by flow cytometry. Viremia results are geometric means
expressed as ffu�ml of plasma with a limit of detection of 220 per ml.
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with live attenuated virus induced virus-neutralizing antibodies
and there were no infected spleen cells at 2 weeks after infection
(Fig. 2C). Previous experiments demonstrated that vaccination
with live attenuated virus produced sterilizing immunity as
determined by the inability to passage infection into highly
susceptible mice (3) or to detect ICs 2 months after infection (4,
9). Sterilizing immunity correlated well with the absence of
infected spleen cells at 2 weeks after infection (9).

As expected, FBL-3-vaccinated B6.UMT mice did not develop
any detectable antibody responses (Fig. 2E). Despite the absence
of antibodies, the FBL-3-vaccinated B6.UMT mice were pro-
tected against viremia and had levels of virus-infected spleen
cells similar to those of vaccinated B6 mice. Thus, protection
from viremia was achieved via FBL-3-primed T cells in the
absence of any antibody, but protection from spleen cell infec-
tion was quite variable and generally poor. There was no
indication from this experiment that nonneutralizing antibodies
enhanced protection, but virus-neutralizing antibodies may have
done so.

Virus-Neutralizing Antibodies Compensate for B Cell Deficiency. To
determine whether virus-neutralizing antibodies could substi-
tute for the absence of B cells in B6.UMT mice, passive transfer
experiments were performed using virus-neutralizing mAb 48
specific for the FV Env protein (45, 49). Passive transfer of mAb
48 has been shown to reduce viremia levels in vivo without
inducing antibody-dependent cellular cytotoxicity in infected
cells (50). The amount of mAb 48 transferred was empirically
determined to provide a virus-neutralizing titer in plasma similar
to that after vaccination by live attenuated virus. By itself, passive
transfer of mAb 48 into B6.UMT mice at days �1 and �1 relative
to infection reduced plasma viremia by �20-fold at 1 week after
infection (Fig. 3, compare A and C). There also was a slight but
significant reduction in virus-infected spleen cells at 2 weeks
after infection.

Most striking was the effect of passive transfer of mAb 48 into
recipients previously vaccinated with FBL-3. The combination of
neutralizing antibody and FBL-3-induced T cells produced a
potent synergistic effect equivalent to wild-type mice vaccinated
with live attenuated virus (compare Figs. 3D and 2C). Sterilizing
immunity was not observed when passive transfers of virus-
neutralizing antibody were begun at 3 days after infection (Fig.
3E). These results indicated that virus-neutralizing antibodies
present at vaccine-inducible levels during the first few days of
infection were able to compensate for the lack of B cells.

To determine the extent that virus-neutralizing antibodies had
suppressed the initial infection, spleen ICs were assayed at 14 h
after infection, before completion of the first round of virus
replication. At this time, the untreated mice had an average of
127 infected spleen cells per 3 � 107 cells (�25 IC, n � 6). In
contrast, one injection of mAb 48 on the day before infection
reduced the level of infected spleen cells to �1 IC per 3 � 107

cells in all six mice tested. However, the effect was not sterilizing,
as evidenced by virus outgrowth by 2 weeks after infection (Fig.
3C). These results indicated that the neutralization of free virus
at the time of infection dramatically reduced but did not
eliminate initial infection of the spleen. Further, these results
demonstrate the high replicative capacity of FV that makes the
assay for ICs at 2 weeks after infection a very sensitive assay for
sterilizing immunity.

Nonneutralizing Antibodies also Contribute to Vaccine Protection. To
more closely examine the contribution of nonneutralizing anti-
bodies in vaccine protection, passive transfer experiments were
performed with mAb 34, which reacts with the viral p15 Gag
protein present within viral cores and also on the surface of
infected cells as glycoGag. mAb 34 binds to infected cells but
does not neutralize virus and does not induce antibody-

dependent cellular cytotoxicity in vivo (50). Again, the dosage for
passive transfers was empirically determined to match titers
observed in B6 mice after vaccination with live attenuated virus.
Passive transfer of mAb 34 into B6.UMT mice 1 day before and
1 day after FV infection produced a slight reduction in virus-
infected spleen cells similar to the reductions observed after
passive transfer of mAb 48 (Fig. 3F). However, unlike passive
transfer of mAb 48, there was no reduction in viremia levels and
no significantly enhanced effect when transfers were done into
FBL-3-vaccinated mice (Fig. 3G). The most potent effect from
passive transfer of mAb 34 was observed when it was transferred
in combination with mAb 48 (Fig. 3H). This complementary
effect was not simply due to greater antibody quantity, because
transfer of twice as much mAb 48 did not reproduce the effect
(Fig. 3J). When passive transfers of combined mAb 34�48 were
begun at 1 week after infection, there was no significant decrease
in virus-infected spleen cells (Fig. 3I). This result emphasized the
difference between the presence of a standing titer of antibodies
at the time of infection, as would be expected in a vaccine
situation, and waiting for 1 week, the approximate time neces-
sary for an antibody response to develop during the natural
infection of a naive host. Furthermore, the strong complemen-
tary effect of combining mAb 34 with mAb 48 illustrated the
importance of having antibodies specific for both infected cells
and virus particles. To ensure that the effects observed were not

Fig. 3. The effects of treatment on infection in B6.UMT mice. Each circle
represents the results from a single mouse. For ease of comparison, 2-week
data from Fig. 2 are included. Viremia results are log3 geometric means
expressed as ffu�ml of plasma. The asterisks indicate significant differences in
viremia from the no-treatment group (P � 0.05 by ANOVA). Passive antibody
transfers were done on the indicated days relative to infection with FV.
Vaccines were administered 1 month before FV infections. Groups H and I
received a combination of mAb 34 and mAb 48, each at the normal dose.
Group J received twice the normal dose of mAb 48 per injection. Statistical
analyses were done by using Student’s t test with Bonferroni correction where
applicable. Groups C and F had significantly lower (P � 0.05) IC levels than did
group A, and group D had significantly lower levels than did groups B and E.
Group K received 0.5 ml of neat immune serum as described in Materials and
Methods.
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due to a special characteristic of the monoclonal antibodies such
as especially high affinity, passive transfer of immune serum
from vaccinated B6 mice also was tested. The immune serum
contained both neutralizing and nonneutralizing antibodies.
Passive transfer of immune serum into FBL-3-vaccinated
B6.UMT mice also produced complete protection when given
before virus challenge (Fig. 3K).

B Cells Are Not Required for Vaccine Priming of T Cells. To further
analyze the role of B cells in vaccine protection, we studied a
second vaccine, a live attenuated virus (F-MuLV-N), that we
previously showed to elicit anti-viral T cell responses and
virus-neutralizing antibody responses (9, 51). Vaccination of B6
mice with live attenuated virus elicited both virus-neutralizing
and FBL-3-binding antibodies and induced complete protection
against both viremia and spleen infectious centers (Fig. 2C).
Thus, protection by live attenuated virus vaccination was better
than by FBL-3 vaccination, and better protection was associated
with virus-neutralizing antibodies. In contrast to the complete
protection of wild-type B6 mice, B cell-deficient mice vaccinated
with the same vaccine had no detectable antibody responses and
averaged only about a one log10 reduction in virus-infected
spleen cells loads, compared with unvaccinated mice (Fig. 2F).
Despite the high levels of virus-infected spleen cells in most of
the vaccinated B cell-deficient mice, their viremia levels at 1
week after infection were markedly reduced, compared with
unvaccinated B6.UMT mice. This was further evidence that T
cell responses in the absence of antibodies could suppress
viremia.

It has been reported that B cell-deficient mice may have
defective T cell responses (28–30), so it was important to
determine whether that defect could account for their poor
protection. Our previous studies showed that vaccine-induced
protection against FV could be adoptively transferred to naive
mice, but only when both T and B cells from immune mice were
adoptively transferred (9). Therefore, we used adoptive transfer
experiments to test the protective capacity of the T cells coming
from B6.UMT mice vaccinated with live attenuated virus. Co-
transfer experiments were done with T cells from either vacci-
nated wild-type or B cell-deficient mice combined with B cells
from vaccinated wild-type mice (Fig. 4). A control experiment in
which the recipients received naive spleen cells showed no
protection (Fig. 4A). Furthermore, adoptive transfers of naive T
cells plus immune B cells demonstrated that immune B cells
alone did not confer protection (Fig. 4B). However, when
immune B cells were combined with T cells from vaccinated B
cell-deficient mice, the protection was similar to that obtained
when the immune T cells came from wild-type mice (Fig. 4 C and
D). The incomplete protection following adoptive transfer of
immune cells in this experiment was likely due to the lack of
antiviral antibodies in the mice at the time of challenge because
the challenge was performed the day after transfer. Regardless,
vaccine failure in B6.UMT mice could not be attributed to lack
of T cell priming but could be attributed to the absence of
virus-specific antibodies.

Discussion
Although B cells play a number of significant roles in adaptive
immunity, the results presented here strongly argue that the most
critical role of B cells in vaccine protection is the production of
virus-neutralizing antibodies. The incomplete protection of wild-
type mice by FBL-3 vaccination correlated with lack of virus-
neutralizing antibodies, and full protection was completely re-
stored in vaccinated B cell-deficient mice after adoptive transfer
of virus-neutralizing antibodies or immune serum. In addition,
we found that B cells were not required to prime protective T cell
responses. For example, vaccination induced virus-specific
CD8� T cells from B cell-deficient mice to proliferate as well or

better than CD8� T cells from wild-type mice. Furthermore, T
cells from B cell-deficient mice were equivalent to T cells from
wild-type mice in their ability to adoptively transfer protection.
These results strongly indicate that the main defect in B cell-
deficient mice was lack of antibodies rather than defective
antigen presentation to T cells.

The presence of virus-neutralizing antibodies at the time of
infection suppressed the level of initially infected spleen cells to
below our limit of detection, a reduction of more than two orders
of magnitude. Despite this dramatic reduction of infection at
14 h, the virus was not completely eliminated as evidenced by the
exponential outgrowth of spleen ICs by 2 weeks after infection.
This result illustrates both the potency of antibodies in reducing
infection and the remarkable ability of retroviruses to escape an
immune response and establish an infection. The challenge virus
in these experiments was not cloned, but a swarm stock was
obtained from passage in mice. Thus, it is possible that antibody-
escape variants preexisted in the stock. However, it also may be
that antibodies at vaccine-induced titers cannot be expected to
completely neutralize all challenge virus.

In situations where complete neutralization of challenge virus
by antibodies is not achieved, the ability of the cell-mediated
immune response to eliminate infected cells is critical. T cell
responses primed by FBL-3 vaccination suppressed viremia and
reduced the number of infected spleen cells, but most mice
retained high levels of infection. Unlike vaccine-induced anti-
bodies, which are fully active at the time of infection, vaccine-
primed T cells require time to activate, proliferate and acquire

Fig. 4. Protection by adoptive transfer. B6 and B6.UMT mice were immu-
nized with live attenuated virus. After 1 month, immune B cells from the B6
mice and immune T cells from the B6.UMT mice were purified from spleen and
transferred to naive B6 mice. The next day, the recipient mice were challenged
with FV. ICs were determined at 2 weeks after infection. Recipient mice were
all wild-type B6 mice. Group A received 5 � 107 nucleated spleen cells from
naive B6 mice. The other groups received 2 � 107 CD19� B cells from immu-
nized B6 mice and one of the following: group B, 2 � 107 T cells from naive
B6.UMT mice; group C, 2 � 107 T cells from immune B6 mice; and group D, 1.9 �
107 T cells from immune B6.UMT mice. The mice were infected with FV the day
after adoptive transfer of the B and T cells. The limit of detection of the assay
was 1 IC per 3 � 107 spleen cells. Each dot represents results from a single
mouse. The purities of the cell populations were all �90%. Groups C and D, but
not B, were statistically different from group A (P � 0.01 by ANOVA with
Dunnett multiple-comparisons posttest). Groups C and D were not statistically
different by Mann–Whitney U test (P � 0.0556).
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effector function (52). Because retroviruses replicate and spread
at an exponential rate, this lag time is a critical factor. Thus, the
initial blunting of infection by virus-neutralizing antibodies
provides the necessary time for the T cell responses to mature
before the virus load becomes overwhelming. In addition to the
complementary activities of neutralizing antibodies and T cells,
antibodies also may potentiate cell-mediated responses. It has
been reported in antitumor studies that antibodies can help
recruit CD8� T cells to sites of tumors via inflammatory signals
from antibody�FcR-activated macrophages (53, 54). Rapid re-
cruitment of CD8� T cells could certainly impact viral infections
as well.

In a recent chimeric simian–human immunodeficiency virus
experiment in macaques that combined DNA vaccine-induced
cell-mediated immunity and passive antibody transfer, no syn-
ergistic effect on protection was observed (55). Although this
result was discouraging, it may be that the quality or quantity of
the T cell responses induced by DNA vaccination was not high
enough. For example, it was not clear whether CD4� T cell
responses were elicited, and the FV studies have shown that
CD4� T cell responses are critical for vaccine efficacy (4, 9, 56).

Nonneutralizing antibodies acted in combination with neu-
tralizing antibodies to produce a potent cooperative effect that
could be very important in vaccine protection. These results
indicate that even though nonneutralizing antibodies alone may
be unable to reduce viremia or cooperate with immune T cells
to reduce infection levels, they are nonetheless important me-
diators of protection that should be considered in vaccine
strategies.

The live attenuated vaccine in this study is a paradigm of how
a retroviral vaccine should work. Our studies demonstrate that
it is possible to achieve sterilizing immunity against a retro-
virus that rapidly establishes persistence as long as multiple
arms of the immune response are brought into play at the
appropriate times. Unfortunately, there are unique aspects
about HIV that make development of an equally efficacious
vaccine difficult. For example, HIV can establish latent (tran-
scriptionally silent) infections (57–60), whereas there is no
evidence that FV does so (61). If HIV becomes latent very
early after infection, then it will be extremely difficult to
eradicate, although strong vaccine-induced immunity could
still prevent latent HIV from spreading and causing pathology.
Thus, it will be especially important for an HIV vaccine to
blunt infection at the earliest time point. Another problem is
that HIV has escape mechanisms that could diminish the
efficacy of both CD4� and CD8� T cell-mediated immune
responses (62–68). The antigenic variability of HIV also is of
concern. Another obstacle to overcome in HIV vaccine de-
velopment is that, unlike FV, it is extremely difficult to
generate sustained virus-neutralizing antibodies against HIV.
This problem is related to the poor antigenicity and immuno-
genicity of the heavily glycosylated HIV Env protein (17,
69–73). The implication of the current study is that it is
unlikely that a retroviral vaccine will be protective in the
absence of a virus-neutralizing antibody response. Solving the
HIV-neutralizing antibody problem should be a major focus of
research.
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