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Anti-IL-4 Treatment at Immunization Modulates Cytokine Expression, Reduces
Illness, and Increases Cytotoxic T Lymphocyte Activity in Mice Challenged
with Respiratory Syncytial Virus
Yi-Wei Tang and Barney S. Graham
Department of Medicine, and Microbiology and Immunology, Vanderbilt University School of Medicine,
Nashville, Tennessee 37232-2605

Abstract

Upon respiratory syncytial virus (RSV) challenge, mice pre-

viously immunized intramuscularly with inactivated whole
virus express a Th2-like pattern of cytokine mRNA, while
mice immunized with live virus intranasally express a Thl-
like pattern. In this study, we evaluated the effects of anti-
IL-4 treatment on the induction of immune responses after
immunization. Mice treated with anti-IL-4 at the time of
immunization with inactivated RSV had reduced clinical
illness after live virus challenge, as measured by weight loss,
illness score, and virus replication. This was associated with
an augmented CD8+ cytotoxic T lymphocyte (CTL) activ-
ity, increased expression of IFN-y mRNArelative to IL-4
mRNA,and a higher titer of RSV-specific IgG2. in the anti-
IL-4 treated mice before challenge. Anti-IL-4 administra-
tion at the time of challenge had no effects on illness, immu-
noglobulin isotype, or cytokine patterns. These results sug-

gest that inhibition of IL-4 action at immunization can shift
the selective activation of lymphocytes to a more Thl-like
response. This cytokine milieu is associated with augmented
CTL activity, which may be the factor responsible for rapid
viral clearance and reduced illness at the time of remote
RSV challenge. (J. Clin. Invest. 1994. 94:1953-1958.) Key
words: pathogenesis * vaccine * antibody * T helper lympho-
cytes

Introduction

Respiratory syncytial virus (RSV)' is an important cause of
respiratory illness in children and adults. A formalin-inacti-
vated, alum-precipitated whole RSVvaccine preparation given
intramuscularly did not protect children from infection. More-
over, the illness accompanying subsequent infection was unusu-

ally severe, with some deaths and an increased rate of hospital-
ization ( 1-4). In contrast, clinical trials of live attenuated RSV
vaccine products, such as temperature-sensitive mutants (5, 6)
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or cold-adapted strains (7, 8), did not result in enhanced illness,
but had limited success because of reversion to wild type viru-
lence or lack of immunogenicity.

Recently, murine T helper cells have been subdivided into
two distinct subsets on the basis of their patterns of cytokine
secretion: Thl cells, expressing interleukin 2 (IL-2), interferon-
y (IFN-y), and tumor necrosis factor-,8 (TNF-/3), mediate de-
layed-type hypersensitivity, while Th2 cells, expressing IL-4,
IL-5, IL-6, and IL-1O, provide efficient help for antibody-pro-
ducing lymphocytes (9, 10). Different subsets of T-helper cells
have been reported to determine disease expression through the
release of different cytokines (11). In general, immunization
that leads to a dominant IL-4 response from T cells is associated
with disease progression, while immunization which leads to
dominant IFN-y production is protective (10). This pattern of
IFN-y-associated protection and IL-4-associated disease pro-
gression has been noted in Leishmania major ( 12), Toxoplasma
gondii (13), Schistosoma mansoni (14), Candida albicans
(15), and the murine acquired immunodeficiency syndrome
(16) in mouse models, and leprosy (17), measles (18), and
AIDS (19) in humans.

It has been shown previously that CD4+ T lymphocyte
depletion before rechallenge of mice with RSV prevents the
development of lymphocytic aggregates and pathology in lungs
(20, 21). Recent evidence suggests that the CD4+ T lympho-
cytes determine the pathological events through their patterns
of cytokine secretion. It has been reported that T cell lines with
distinct patterns of cytokine expression can be derived from
mice immunized with recombinant vaccinia expressing individ-
ual RSV proteins (22). Wehave recently found that priming
with RSVantigens produces distinct patterns of pathology and
cytokine mRNAexpression after RSVchallenge of mice. Upon
RSV challenge, mice previously immunized intramuscularly
with inactivated virus produced a dominant Th2-like pattern of
cytokine expression. In contrast, challenge of mice immunized
with live RSVby either mucosal or parenteral routes produced a
ThI-like pattern (23). These findings have suggested a potential
mechanism for the pathogenesis of RSVvaccine-enhanced ill-
ness: RSV immunization can selectively activate subpopula-
tions of lymphocytes which, upon rechallenge, result in different
levels of illness expression based on cytokine secretion patterns.

Others have shown that blocking Th2 cytokine expression,
either by administering an IL-4 neutralizing antibody (24, 25)
or disrupting the IL-4 gene (26, 16), can result in diminished
IL-4 production and improved disease outcome in models of
other infectious diseases. In contrast, treatment with anti-IFN-
y can result in a more Th2-like immune response causing in-
creased mortality (15). We report here that a brief treatment
of mice with anti-IL-4 at the time of whole inactivated RSV
immunization results in diminished illness and more rapid viral
clearance after subsequent live RSVchallenge. This was associ-
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ated with an augmented CD8+ cytotoxic T lymphocyte (CTL)
activity in lungs and a shift from a Th2-like to a more ThI-like
pattern of cytokine expression.

Methods

Mice, virus, monoclonal antibody, and illness assessment. Pathogen-
free female BALB/c mice, 8-10 mo old, were purchased from Charles
River Laboratories (Raleigh, NC) and cared for according to the "Guide
for the Care and Use of Laboratory Animals" as previously described
(27). Preparation of the formalin-inactivated, alum-precipitated RSV
(23) and preparation of stock of the A2 strain of RSV (28) have been
previously reported. Both the vaccine preparation and the challenge
stock of RSV were derived from the A2 strain of RSV. An IL-4-
neutralizing monoclonal antibody (1 lB 11, 29) was administered at 200
,ug/dose i.p. Control mice received PBS on the same schedule. Each
mouse was immunized with formalin-inactivated, alum-precipitated
RSVcontaining 2.2 X 106 pfu equivalents of virus antigen intramuscu-
larly, and challenged with 107 pfu of live RSV intranasally 4 wk later
as previously described (23). The clinical data, including weight change
and illness score following challenge, were obtained by weighing on a
digital scale and by appearance. Clinical illness score was assigned by
a blinded examiner using an index derived by assigning numbers to a
set of clinical features seen in mice with different degrees of illness: 0-
healthy; 1-barely ruffled fur; 2-ruffled fur, but active; 3-ruffled fur and
inactive; 4-ruffled, inactive, hunched posture, and gaunt; 5-dead.

Plaque assays and neutralization tests. The lung tissue was removed
and quick-frozen in Eagle's minimal essential media containing 10%
fetal bovine serum (10% EMEM). Thawed tissues were kept chilled
while individually ground. Dilutions of the clarified supernatant were
inoculated on 2-d-old HEp-2 monolayers, 80% confluent in Costar 12-
well plates under 0.75% methylcellulose in 10% EMEM.After incuba-
tion for 4 d at 370C, the monolayers were fixed, stained with hematoxy-
lin-eosin, and plaques were counted under a dissecting microscope.
Plaque-reduction neutralization assays were performed by mixing dilu-
tions of heat-inactivated serum starting at 1:40 with equal volumes of
titered virus stock for 1 h at room temperature with and without comple-
ment. The serum dilution producing 60% plaque reduction was calcu-
lated by linear regression and considered as neutralization titer (27).

RSV-specific Ig isotype ELISA. BCH4, a persistently RSV-infected
BALB/c fibroblast cell line, as well as BC, its parent cell line, were
bound to the solid phase on Immulon H 96-well plates (Nunc, Roskilde,
Denmark). Plates were dried in a Speedvac (Savant, Instrs., Inc., Far-
mingdale, NY), blocked with 1%gelatin in PBS, and washed with PBS
containing 0.5% Tween. 100 pL of two-fold serial diluted mouse serum
samples, starting at dilution of 1:40, were added to each well. Plates
were incubated at 37°C for 60 min, washed, and 100 MI of goat anti-
murine IgA, IgE, IgG1, IgG2,, IgG3, or total Ig conjugated to alkaline
phosphatase (Southern Biotechnology, Birmingham, AL) diluted
1:1000 was added, respectively. After another 60-min 37°C incubation,
plates were washed and substrate was added for 30 min at room tempera-
ture and OD45 was determined (27). A serum dilution was considered
positive if the mean optical density of two BCH4cell wells was greater
than twice that of BC-coated wells and greater than 0.1.

mRNAextraction, Northern blotting, and cytokine detection. Lungs
were removed promptly and quick-frozen in liquid nitrogen before stor-
age at -70°C. Tissues were then homogenized in 4M GITC working
solution (30) by a Tissumizer (Tekmar Co., Cincinnati, OH). The total
RNAwas extracted and polyA RNAisolated on oligo (dT) cellulose
(GIBCO BRL, Gaithersburg, MD) as previously described (30). The
polyA mRNAwas electrophoretically separated through a 1.5% agarose
denaturing gel and transferred to Zetabind membrane (Cuno Inc., Meri-
den, CT). Membranes were treated with 160 mJ of UV light (Stratlinker
1600, Stratagene, La Jolla, CA) and baked at 80- 100°C for 2 h. Hybrid-
ization with 32p oligonucleotide probes for IL-4, IFN-y, and a-tubulin
was performed as previously described (23). After washing, membranes
were exposed to Kodak X-omat film at -70TC. Laser densitometry was

performed with an LKB UltroScan XL using GelScan XL software
(Pharmacia Fine Chemicals, Piscataway, NJ).

Cytotoxicity T cell assays. Lungs were harvested 7 d after live RSV
challenge and lymphocytes were derived by mashing lung tissues be-
tween the frosted ends of two sterile glass microscope slides in RPMI
containing 10% FBS. Cells were separated from lung capsules then the
suspension was layered on a 3-ml cushion of Ficoll-Hypaque (1.09
specific gravity) and centrifuged at room temperature for 20 min at
1500 g. The lymphocyte band was aspirated, washed twice, and resus-
pended in RPMI containing 10% FBS. As the effector cells were being
prepared, BCH4 and BC target cells were incubated with 5"Cr (100
puCi/ I0o cells) for 60 min at 370C, washed three times in 10% EMEM,
and distributed in v-bottom 96-well plates (Costar Corp., Cambridge,
MA) at 2 x 104 cells in 100 pA per well. Different numbers of lung
lymphocytes suspended in 100 p1 of 10% RPMI were added, and the
plate was centrifuged at 150 g for 30 s before incubation at 370C for 4
h. The cells were gently pelleted and 100 IL of the supernatant was
transferred and counted in a gammacounter. The spontaneous and total
release were obtained by treating the target cells with 10% RPMI and
5% Triton X-100 detergent, respectively. The specific release of 51Cr
from target cells is defined as 100 x (sample cpm - background cpm)/
(total cpm - background cpm) (31, 32).

Definition of CTL effector phenotype. Lymphocytes from the lungs
of six mice in each experimental group on day 7 after challenge were
pooled. The pooled effector cells were differentially depleted of certain
phenotypes then used in a direct CTL assay without in vitro stimulation
against 51Cr-labeled BCH4 targets. An immunomagnetic separation
method (33) was used for depleting CD4+, CD8+, or both. The conju-
gated magnetic beads were prepared 1 d before depletion. 0.5 ml of
DYNABEADSM-450 sheep anti-rat IgG (Dynal Inc., Great Neck,
NY) were incubated with 5 pg of purified rat anti-L3T4, anti-Lyt 2
(Boehringer Mannheim Biochemicals, Indianapolis, IN), and both were

kept at 40C for 45 min with bidirectional mixing, respectively. The
conjugated beads were collected by a Dynal Magnetic Particle Concen-
trator (MPC), washed 4 times by PBS containing 5%FBS, and resus-
pended in 1 ml by PBS containing 5% FBS. 1 X 107 isolated lung
lymphocytes were incubated with the conjugated magnetic beads at 40C
for 45 min with bidirectional mixing. The depletion was completed by
the Dynal MPCand cell suspensions were used for CTL activity after
verification of purity by FACS analysis.

Lung T lymphocyte FACSanalysis. Lung lymphocytes with different
in vitro depletions were adjusted to a concentration of 5 x 105 cells/
ml then labeled with FITC-conjugated antibody against Lyt2, PE-conju-
gated antibody against L3T4 (Boehringer Mannheim Biochemicals, In-
dianapolis, IN), and APC-conjugated antibody against Thyl.2 (Caltag
Labs., San Francisco, CA) by incubation for 60 min at 370C. Cells were
washed twice in PBS containing 5%FBS, fixed by paraformaldehyde,
and analyzed on a Coulter Epic 753 fluorescent activated cell sorter
(FACS; Becton Dickinson Immunocytometry Systems, Mountain
View, CA).

Results

The cytokine expression patterns and illness outcome. In a pilot
experiment, monoclonal antibody 1iBi 1 was administered in-
traperitoneally at 200 pg/dose for three successive days, start-
ing at 1 d before immunization. Mice were challenged with live
virus 4 wk after immunization. Anti-IL-4 treatment resulted in
significant reduction in illness, with reduced weight loss com-
pared to the control mice (Fig. 1). The same reduction in illness
was shown when measured by clinical illness scores (data not
shown). The viral replication in lungs 4 d after challenge was
reduced about fivefold by anti-IL-4 treatment (5.84+0.46 pfu/
gram lung), compared to that in control mice (6.59+0.21, P
= 0.04). A significant reduction of LL-4 and slight increase of
IFN--y was observed in the cytokine mRNAexpression patterns
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Figure 1. Anti-IL-4
treatment at the time of
immunization reduces
illness after RSVchal-
lenge. Mice (five per
group) were immunized
with inactivated whole
virus and 4 wk later were
challenged with live vi-
rus. They were treated
with anti-IL4 or PBS
for three successive days
starting at 1 d before im-
munization. Data for
weight change are shown
as arithmetic
means+SD.
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~~~~~I Figure 3. Anti-IL-4
treatment at the time of
immunization diminishes
IL-4 expression after
RSV challenge. Mice
were primed with inacti-
vated virus 4 wk before
challenge. Anti-IL-4
was administered at the
time of immunization,
challenge, both time
points, and none, respec-
tively. a-tubulin-nor-
malized density derived
from Northern blots
(three samples per

+ - group) are given as arith-
+ + - metic mean±SD.

in lungs harvested at 4 d after challenge (Fig. 2). These data
suggest that anti-A4 treatment at the time of immunization
affected mRNAexpression in lungs at the time of remote virus
challenge, and may have affected illness by influencing the
composition of the immune response.

Wenext asked whether anti-IL-4 treatment at the time of
challenge would influence outcome in the same way, or whether
the ultimate composition of the immune response was estab-
lished at the time of initial antigen exposure. The length of
anti-WL4 treatment was increased for this experiment. Mice
were immunized and challenged in the same way and treated
with anti-IL-4 on five successive days, starting 1 d before
immunization and/or challenge. When anti-IL4 treatment was
given at the time of immunization, the cytokine mRNAexpres-
sion patterns in lungs harvested at 4 d after challenge revealed
about threefold reduction of IL4 and twofold increase of IFN-y
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mRNAexpression compared to PBS-treated controls (Fig. 3).
In addition, the weight loss (P = 0.01) and illness scores (P <
0.01 ) at day 8 were significantly reduced by anti-IL-4 treatment
given at the time of immunization (Fig. 4), and viral replication
was also significantly reduced in lungs 4 d after challenge (Fig.
4, P = 0.03). However, treatment of mice with anti-WL-4 at
the time of challenge had no effect on cytokine mRNApatterns
(Fig. 3) or illness (Fig. 4).

RSV-specific serum immunoglobulin isotypes. RSV-specific
immunoglobulin responses were measured to determine
whether a physiological consequence resulted from the altered
pattern of cytokine mRNAexpression. RSV-specific IgA, IgG3,
and IgE remained at levels undetectable in both anti-WL4
treated and control mice (data not shown). However, in serum
samples collected 1 d before live virus challenge, IgGu, and
total Ig titers were much higher in the anti-IL-4 treated mice
than the control mice (P = 0.01 for IgGu,, P = 0.04 for total
Ig), while no significant difference in IgG1 titers (P > 0.05)
was found (Fig. 5). Samples collected 4 wk after challenge
showed that IgG1, IgGQ, and total Ig reached high titers, with
no difference between anti-IL-4 treated and control mice (Fig.
5). Anti-WLA treatment at the time of challenge had no influ-
ence on immunoglobulin subsets (Fig. 5). Taken together, our
data suggests that interference with IL-4 activity at the time of
immunization results in a shift from a dominant Th2-like pattern
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Figure 2. Anti-WL4 treatment at the time of immunization alters the
cytokine expression patterns after RSVchallenge. Mice were immunized
with inactivated whole virus and 4 wk later were challenged with live
virus. They were treated with anti-IL4 or PBS for three successive days
starting at 1 d before immunization. Cytokine mRNANorthern blot
(two lungs per sample) is shown adjacent to results of a-tubulin-
normalized densities.
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Figure 4. Anti-WL4
treatment at the time of
immunization reduces
illness and virus replica-
tion in lungs after RSV
challenge. Mice immu-
nized with inactivated vi-
rus were challenged after
4 wk with live virus. The
virus replication levels
(loglopfu/gram) in lungs
4 d after challenge (four
mice per group), weight
loss and illness score 8 d
after challenge (5-6
mice per group) are
given as geometric
means±SD.
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to a more Thl-like response while interference at the time of
challenge has no effect.

RSV-specific cytotoxicity activity. 5tCr release assays were
performed to define factors associated with diminished illness.
A direct CTL assay using lung lymphocytes was employed that
does not include in vitro stimulation (32). Using this method,
CTL activity was detected on day 7 after primary live RSV
challenge (Fig. 6). In mice treated with anti-IL-4 at the time
of immunization, CTL activity was increased above that in im-
munized mice that did not receive anti-IL-4. This result was
repeated in two consecutive experiments. The activity was RSV-
specific and lysed only syngeneic RSV-infected target cells.
The phenotype of lymphocytes responsible for the cytolytic
activity was then determined in another independent experiment
by an immunomagnetic method to deplete CD4+, CD8+, or
both in vitro before incubating effectors with targets. FACS
analysis showed that 85-89% of CD4+ and 82-86% of CD3+
cells were effectively depleted by this method (data not shown).
CD8+ depletion abolished CTL activity, while CD4+ depletion
did not affect CTL activity (data not shown). The FACS data
of the total lung lymphocyte population also showed that the
proportion of CD8+ lymphocytes was greater in the anti-IL-
4 treated group than that in the PBS-treated group (10.6% com-
pared to 3.4%, respectively). These data suggest that anti-IL-
4 treatment at the time of immunization resulted in augmented
CD8+ CTL activity following subsequent live RSVchallenge.

Discussion

We report here that upon live RSV challenge, mice treated
with anti-IL-4 neutralizing monoclonal antibody at the time of
formalin-inactivated whole RSV immunization showed dimin-
ished illness and reduced RSV replication, associated with a
shift from a Th2-like to a Thl-like pattern of cytokine expres-
sion. The anti-IL-4 treatment also resulted in an augmented
RSV-specific CD8+ CTL activity in lung lymphocytes. These
results suggest that interference with IL-4 activity at the time
of immunization can alter the cytokine milieu at the time of
subsequent RSVchallenge, resulting in modulation of effector
functions and improvement in illness outcome.

The improved illness outcome and reduced RSVreplication
in lungs after challenge when anti-IL-4 was administered at
the time of immunization was associated with an increased
expression of IFN-y and a reduced expression of IL-4. While
the shift in cytokine mRNAexpression was subtle, the increase
in RSV-specific IgG2a supports the conclusion that a shift from

a dominant Th2-like pattern to a more ThI-like response indeed
occurred. Webelieve a major advantage in measuring cytokine
mRNAexpression by direct Northern blotting is the increased
confidence that subtle changes are real, without the possible
distortion of in vitro stimulation.

The treatment with anti-IL-4 was only effective when given
at the time of initial RSVantigen presentation. Thus, the nature
of the primary immune response to RSVantigens can determine
the composition of the response to subsequent challenge. As in
other models of infectious pathogens, a more ThI-like pattern of
cytokine expression was associated with reduced RSV-induced
illness ( 13, 15, 16, 24). This suggests that defining mechanisms
of modulating initial immune responses to vaccines to be more
Thl-like may have broad application.

The Thl/Th2 paradigm has been important in organizing
theories about regulation of subsequent effector responses.
However, CD4+ T helper lymphocytes are not the only cells
in the inflammatory response producing cytokines. The cytokine
environment is also determined by epithelial cells, macro-
phages, B lymphocytes, CD8+ lymphocytes, NKcells, and y6
T lymphocytes. Many of these cells secrete cytokines that over-
lap with those of the classical ThI and Th2 T helper lymphocyte
subsets. In this study, we found that CD8+ CTL activity was
augmented at the time of RSV challenge in mice treated with
anti-IL-4 at the time of immunization. This suggests the possi-
bility that the shift to a Thl cytokine expression pattern was
actually the result of increased CD8+ lymphocyte activity. De-
fining the phenotype of cells which produce the complex cyto-
kine milieu will be important for understanding how immune
responses are regulated, and for devising new strategies to mod-
ulate vaccine-induced immune responses.

Ultimately, the goal of any vaccine is to prevent illness
associated with subsequent exposure to the pathogen. Therefore,
it is not only important to define the cells producing the cytokine
milieu, but to define the effector mechanisms that respond to
the vaccine-induced conditions. It is the effector mechanisms
that more directly translate into protection from or enhancement
of disease. Th2-mediated responses may be detrimental to the
host, initiating mechanisms such as mast cell activation and
the release of histamine and other soluble factors that promote
inflammation and altered smooth muscle tone (34). In contrast,
Thl-type cytokines may stimulate more favorable effector
mechanisms. IgG2a, whose production is stimulated by Thl re-
sponses, has better complement-binding and Fc-binding proper-
ties than other Ig isotypes. These qualities may improve neu-
tralizing capacity or facilitate viral clearance through antibody-

20 - CH4, MO-L-4 Figure 6. Anti-IL-4 treat-
2 -L-4,P ment at the time of im-

15 - -* 8C, PBS munization enhances
RSV-specific cytotoxic

' 10- activity after RSVchal-
lenge. This shows a rep-
resentative experiment in
which lymphocytes from

0 the lungs of four mice
______________________________ were used as effectors.

-5 5
100 50 25 12 6 3 51Cr-labeled BCH4target

E:T Cell Ratio cells were used in a di-
rect measure of RSV-

specific cytotoxic activity that did not include in vitro stimulation of
effectors. Each point represents the mean from three replicate wells.
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dependent cell-mediated cytotoxicity (ADCC) mechanisms.
There may also be modulating effects on other limbs of the
immune response. For instance, increased expression of MHC
molecules stimulated by IFN-y (35) may facilitate antigen pre-
sentation in general and lead to more rapid generation of effector
mechanisms and clearance of virus-infected cells.

The increased RSV-specific IgGu, titers before challenge in
the anti-IL-4 treated group may reflect isotype switching by
increased IFN-y levels. However, a complementary decrease in
the IgG, isotype was not seen, and the isotype profile in all
groups was similar after challenge. We therefore believe the
cytokine milieu influenced effector mechanisms other than anti-
body to clear virus earlier and reduce illness. Wehave shown
that RSV-specific CD8+ CTL activity was augmented in anti-
IL-4 treated mice 7 d after live RSVchallenge. The assay was
a direct measure of CTL activity in lung at a moment-in-time
without in vitro stimulation of effectors. In three successive
experiments, mice treated with anti-IL-4 at the time of inacti-
vated RSVimmunization had increased RSV-specific cytotoxic
activity in lungs after RSV challenge. The increased CTL re-
sponse was associated with decreased illness. The augmented
cytotoxic activity, moreover, was specific for the CD8+ pheno-
type. The formalin-inactivated RSV immunization would not
be expected to induce CD8+, MHCclass I-restricted CTL be-
cause, as a nonreplicating antigen, it should be processed and
presented via MHCclass II molecules. Thus, our hypothesis is
that the anti-IL-4 treatment shifted the cytokine environment
to one favorable to more rapid induction of CTh activity in
response to the live RSVchallenge. Defining the factors associ-
ated with the rapid induction of CTL activity is the subject of
ongoing work in our laboratory.

Cytotoxic T lymphocytes are known to be important in the
clearance of many viruses including RSV(20, 31-32, 36-38).
Passive transfer experiments utilizing CD8+ RSV-specific T
cells have been shown to effectively clear RSV (39). Transfer
of higher doses of RSV-specific CTL in mice has caused a
hemorrhagic pneumonitis in some studies (40), but not others
(41). Recently, it has been shown that the specificity of the
CTL effectors and the T cell environment in which they are
present can affect the type of lung pathology caused by RSV
(42). Wehave shown that in vivo induction of RSV-specific
CD8+ CTL is associated with rapid viral clearance and reduced
illness. Wesuspect these CD8+ CTL were part of the primary
response to live RSV challenge and were not memory CTL
induced directly by vaccine. In these experiments the CTL activ-
ity was only measured at one time point. Therefore, it is possible
that peak CTL activity after challenge was not higher, but rather
developed more rapidly in the vaccine-induced cytokine milieu
produced by anti-IL-4 treatment.

Our data indicate that interfering with IL-4 activity at the
time of immunization can affect the composition of the immune
response and reduce illness after subsequent RSV challenge.
These findings may be relevant to understanding how a formalin-
inactivated RSVvaccine resulted in enhanced illness in children
subsequently infected with RSV ( 1-4). Learning how to modu-
late the immune response to viral pathogens by selectively acti-
vating T cell populations at the time of immunization has the
potential to increase vaccine efficacy and improve vaccine safety.
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