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Abstract
Agonists for TLR7, TLR8, and TLR9 have been shown to enhance vaccine immunogenicity. We
evaluated the impact of TLR activation on RSV disease in a murine model by administering TLR7/8
and TLR9 agonists during FI-RSV immunization or RSV infection. CpG administered during
immunization reduced disease following challenge as evidenced by decreased lung pathology,
illness, and cytokines. In marked contrast, TLR7/8 agonist had little impact. To evaluate potential
therapeutic use, TLR agonists were administered during primary infection. Although type 2 cytokine
responses decreased and type 1 cytokines and MIP1-α/β increased, both TLR7/8 and TLR9 agonists
increased clinical symptoms and pulmonary inflammation when administered during primary
infection. Thus, TLR9-induced signaling during FI-RSV immunization reduced vaccine-enhanced
disease whereas immunostimulatory properties of TLR agonists enhanced disease severity when used
during RSV infection. Immunomodulation elicited by TLR9 agonist confirms the adjuvant potential
of TLR agonists during RSV immunization. However, in contrast to work done HIV-1 vaccines, the
inability of TLR7/8 agonist to boost type 1 vaccine-induced RSV immunity demonstrates pathogen-
TLR specificity. These data reveal that the timing of administration of immunomodulatory agents is
critical. Furthermore, these data underscore that amplification of anti-viral immune responses may
result in immunopathology rather than immune-mediated protection.
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INTRODUCTION
Respiratory syncytial virus (RSV) is the leading cause of childhood hospitalizations due to
viral infections and causes significant disease in the elderly and in bone marrow transplant
recipients. Despite extensive efforts, no safe and effective vaccine or antiviral therapy is
currently licensed for RSV. Passive prophylactic administration of the RSV-specific
neutralizing antibody Synagis® to premature infants is the only approved intervention for RSV
[1]. Development of RSV vaccines has been hampered by failed vaccine trials in which infants
immunized with formalin-inactivated alum-precipitated RSV (FI-RSV) were not protected
against subsequent RSV infection, but experienced more severe disease, often requiring
hospitalization and resulting in two deaths. Despite use of molecular cloned RSV immunogens
it has been difficult to arrive at the right degree of attenuation for live candidate RSV vaccines
that have sufficient immunogenicity and acceptable reactogenicity in all infants [2].

Toll-like receptors (TLRs) are a group of pattern recognition receptors (PRR) serving as
sentinel molecules for detection of pathogens expressing pathogen-associated pattern
molecules (PAMPs) [3]. Several TLRs are of particular importance to induction of antiviral
immunity and include TLR3, TLR7 and TLR8, and TLR9 [4]. While traditionally thought of
as dendritic cell proteins, PRRs are also expressed on many cells of immune and non-immune
function. Distribution of these TLRs and their impact on antiviral immunity has been recently
reviewed [5;6]. TLR-PAMP interactions at mucosal surfaces elicit cytokine production,
recruiting dendritic cells to and initiating immune responses at sites of inflammation and
infection. Thus, selective activation of individual TLRs through agonist binding has been
hypothesized as a means to modulate and enhance immunity [7].

While severe RSV disease, induced by immunization, allergen sensitization in animal models,
or primary infection in humans, has often been associated with the induction of type 2 T cell
responses and eosinophilia, the complexity of RSV disease suggests there are multiple factors,
of both viral and host origin, contributing to immunopathology [8-11]. Interference with
cytokine function and the use of adjuvants does not completely alleviate disease, but has modest
effects or modulates only certain aspects of disease [12-17], illustrating the intricacies of RSV
pathogenesis. The multi-factorial nature of severe RSV disease, led us to hypothesize that
“targeted” activation of specific innate immune response pathways might more effectively
induce protective and disease-sparing immunity than interference with a single component of
adaptive immunity. We therefore investigated TLR agonists as adjuvants or immunotherapy
for RSV. TLR7/8 and TLR9 agonists were used to modulate the immune responses induced
by FI-RSV immunization either during the initial induction phase (at priming) or during the
recall effector phase (at challenge), hypothesizing that administration of TLR agonists would
boost the induction of type 1 primary immune responses to minimize generation of Th2
responses during immunization and to counterbalance Th2 memory responses during
challenge. In particular, we hypothesized that augmenting relevant TLR7/8 signaling pathways
may provide an immune advantage to the host since TLR7 and TLR8 recognize ssRNA,
creating responses well-suited to control ssRNA viruses such as RSV. Natural RSV infection
does not induce long-term protective immunity [18;19]. We therefore evaluated the potential
therapeutic use of TLR agonists to enhance RSV-specific immune responses during primary
infection, hypothesizing that TLR-mediated signals might overcome the ability of RSV to
inhibit type I IFN production [20;21] and result in sustained immunity.

In the course of these studies, reports were published examining CpG effects on immune
responses induced during immunization with purified RSV F or G [22-24] or with killed bovine
RSV [25;26] or during allergen sensitization [27]. Collectively, these studies show the presence
of CpG during induction of immunity results in more Th1-associated immune responses and
increases protection against RSV challenge. We confirm these studies using formalin-
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inactivated human RSV and expand upon them evaluating airway mucus and a broad array of
cytokines and chemokines. Furthermore, we test the efficacy of TLR7/8 agonists as an
adjuvant, examine the ability of CpG and TLR7/8 agonists given at challenge to modulate Th2
memory responses generated by FI-RSV, and evaluate the effects of these agonists when given
during primary RSV infection. While FI-RSV will not be used as a vaccine in humans, it is a
well-defined complex, multi-component immunogen that induces type 2 memory immune
responses and provides a system for evaluating immunomodulatory strategies. These data
support the potential for using TLR agonists during RSV immunization, even in the context
of a more complex whole virus immunogen. However, the importance of timing and the specific
TLR agonist used in a particular host will have to be cautiously evaluated due to the potential
for TLR agonists to induce immunopathology rather than immunoprotection.

MATERIALS AND METHODS
Viruses and TLR Agonists

HEp-2 and Vero cells were purchased from the American Type Culture Collection (ATCC,
Rockville, MD) and maintained in Eagle’s minimal essential media supplemented with 10%
fetal calf serum, glutamine, and antibiotics (10% EMEM). A challenge stock of RSV A2 strain
was prepared as previously described [28]. A formalin-inactivated alum-precipitated stock
RSV (FI-RSV) was prepared in Vero cells as described [29]. CpG 1826 oligodeoxynucleotides
(Class B) were purchased from Coley Pharmaceutical Corp (Ottawa, Canada). TLR7/8 agonists
R848 and the structural analog 3M-012 were provided by 3M Pharmaceuticals (St. Paul, MN).

Mouse Immunization and Challenge
Wild-type BALB/c mice were purchased from Charles Rivers Laboratories (Indianapolis, IN).
Mice were immunized intramuscularly with 0.1 ml FI-RSV diluted 1:10 in 1X PBS. For the
mice receiving TLR agonist at challenge, 25 μg/ml CpG, 20 μg/ml TLR7/8 agonist (R848 in
experiment 1 and 3M-012 in experiment 2), or indicated concentrations of each agonist was
added to the FI-RSV. Doses of CpG and TLR7/8 were used as this is an established model of
viral vaccine immunization at the Vaccine Research Center [30]. This dose of CpG is also in
the range of doses which have been used in murine and cotton rat studies of RSV vaccines
[22;24;25]. Mice were challenged with live RSV (107 pfu in 0.1ml) six weeks later as
previously described [31]. To evaluate the effects of TLR agonist at challenge of FI-RSV-
immunized mice or during primary infection, mice were anesthetized, and CpG, TLR7/8
agonist, or both (in 0.1 ml PBS) were administered intranasally at day 2 post-infection. DC
trafficking through regional lymph nodes peaks by 16-24 hours after pulmonary infection
[32] and DC recruitment to the lung peaks by day 4 after RSV infection [33], Therefore, TLR
agonists were administered at day 2 post-RSV infection to insure maximal effects of TLR
agonist treatment on RSV pathogenesis might be observed. Control mice were anesthetized
and administered 0.1 ml PBS. The mice were weighed daily following RSV challenge.

RSV Titers
Mice were euthanized at day 4 and day 7 post-challenge, and lungs were removed and quick-
frozen. Plaque-forming units (pfu) of virus were measured by plaque assay as previously
described [31]. Data are expressed as log10(pfu/gram lung tissue).

Cytokine Levels
IL-4, IL-5, IL-10, IL-12, IL-13, IFN-γ, MIP-α, MIP-1β, eotaxin and TNF-α protein levels in
lung supernatants from day 4 and day 7 plaque assays were quantitated by ELISA using
cytokine-specific kits (R & D Systems, Minneapolis, MN).
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Peripheral and Bronchoalveolar Lavage (BAL) Eosinophils
To examine the effect of TLR agonist administration on the primary activation of eosinophils
during immunization, mice were bled retro-orbitally at day seven post-immunization. Ten
microliters of blood were spun onto slides, stained with Diff-Quik, and differential cell counts
were made. To examine the eosinophilic response during the memory phase, BAL was
performed seven days after RSV challenge as previously described [34].

Statistical Analysis
Illness, weight loss, and viral titers data were maintained in a Paradox database and analyzed
with SAS statistical software as described [31]. Data for cytokine levels and BAL eosinophil
were analyzed by analysis of variance comparing multiple groups using SigmaStat 3.0.1
software (SPSS Inc., Chicago, IL). P values less than 0.05 were considered statistically
significant.

RESULTS
Reduction in vaccine-enhanced RSV disease is dependent on TLR specificity and timing of
administration

Mice were immunized with FI-RSV containing CpG, TLR7/8 agonist, or both Statistically
significant improvements in weight loss were observed when CpG was present during FI-RSV
immunization, with either CpG alone (Figure 1A, p<0.05 relative to FI-RSV only controls on
days 7-10 post-infection) or in combination with TLR7/8 agonist (days 5-10 post-infection).
In contrast, TLR7/8 agonist alone had minimal impact. Administration of TLR agonists during
RSV challenge of FI-RSV-immunized mice increased weight loss (Figure 1B, p<0.05 CpG or
TLR7/8 agonist alone relative to PBS-treated FI-RSV-immunized mice at days 3 and 4).

CpG and TLR7/8 agonist were administered during primary RSV infection of BALB/c mice
and of FVB and A/J mice, models with increased susceptibility to lung pathology (FVB, our
unpublished data) and reactive airways disease (A/J) [35], to determine whether immunity
could be enhanced or disease reduced. CpG treatment resulted in a significant enhancement of
weight loss early in infection, spanning days 3-6 (Figure 1C, p<0.05 relative to PBS-treated
mice of the same strain). Although the magnitude of increased illness was similar with 15-20%
weight loss from day 0, the duration of the effect was different between strains, with the impact
in BALB/c mice being most extended. TLR7/8 agonist enhanced RSV-induced weight loss,
but the timing of the effect varied (Figure 1C). In both A/J and FVB mice TLR7/8 agonist
induced an early peak of weight loss that reached statistical significance in FVB mice at days
3 and 4 post-infection while weight loss in BALB/c mice did not peak until day 7 post-infection.
Interestingly, in A/J mice administration of TLR7/8 agonist resulted in a second wave of weight
loss very late after infection (days 10-12) with statistically significant differences observed at
day 11 post-infection. Only FVB mice evidenced an advantage from TLR treatments with more
rapid recovery of weight loss (p<0.05 days 7-8 relative to PBS-treated A/J mice). Thus, TLR
activation has differential impact on RSV disease severity depending upon TLR specificity,
host genetics, and time of administration relative to live RSV infection.

Only CpG administration during FI-RSV immunization increases protection against RSV
challenge

Mice immunized with FI-RSV and treated with CpG, alone or in combination with TLR7/8
agonist, had significantly reduced peak viral titers (Figure 2A) with no detectable virus in the
CpG only group. In contrast, mice treated with TLR7/8 agonist during immunization or mice
treated with either TLR agonist during challenge had no significant change in viral replication.
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In mice treated during primary RSV infection (Figure 2B), only BALB/c mice treated with
TLR7/8 agonist had significant reductions in day 4 viral titers, while CpG treatment had no
effect. In contrast, both TLR agonists increased viral titers in A/J and FVB mice, although the
differences were not statistically significant. These data demonstrate that the enhanced disease
induced by TLR agonist administration during RSV infection (Figures 1B and 1C) is not due
to increased viral burden and its consequent pathology.

Adding CpG to FI-RSV immunogen increases pre-challenge neutralizing antibody titers
Inclusion of CpG, either alone or in combination with TLR7/8 agonist, increased the RSV
neutralizing antibody titers in pre-challenge sera (Table 1), but TLR7/8 agonist alone had no
significant effect. In contrast, all FI-RSV-immunized mice (Table 1) and all mice treated with
TLR agonist during primary RSV infection (Table 2) had similar levels of neutralizing
antibodies in serum six weeks after RSV infection. Thus, the ability of TLR9-mediated signals
triggered by CpG to augment antibody responses during immunization is lost during the strong
murine antibody response to live virus infection. This loss of enhancement may not accurately
predict the response in humans.

CpG treatment during FI-RSV immunization decreases eosinophil numbers in blood and
BAL, while TLR7/8 agonist administered during RSV challenge reduces eosinophil
recruitment

Mice immunized only with FI-RSV or with FI-RSV and TLR7/8 agonist had 23.2 ± 1.4 and
23.6 ± 4.8 percent of eosinophils in the blood, respectively, seven days after immunization
while eosinophilia in mice immunized with FI-RSV + CpG or FI-RSV + CpG and TLR7/8 was
12.5 ± 4.8 and 7.8 ± 6.5, respectively. Eosinophils in BAL after RSV challenge of FI-RSV-
immunized mice was significantly reduced in mice receiving CpG at immunization, either
alone or in combination with TLR7/8 agonist (Figure 3A, p<0.05) while TLR7/8 agonist alone
did not impact eosinophil recruitment. In marked contrast, TLR7/8 agonist, but not CpG, given
during RSV challenge reduced eosinophil levels in BAL. Modulation of eosinophil recruitment
observed in BAL was also observed in lung tissue (data not shown). Thus, as observed in
illness, viral clearance, and pre-challenge neutralizing antibody titers, co-administration of
CpG during FI-RSV immunization increased anti-viral responses and decreased immune
responses associated with severe disease, but had little impact given at challenge while TLR7/8
agonist given during immunization had minimal effect, but reduced eosinophil recruitment
when given at challenge.

TLR7/8 agonists have been shown to activate and recruit eosinophils [36], and CpG has been
shown to activate neutrophils [37]. Therefore, the BAL composition was examined in mice
treated with TLR agonists during primary infection. Neither the TLR7/8 agonist 3M-012 nor
CpG significantly altered the cellular composition in BAL (Figure 3B) or in the lung tissue
(data not shown) in any strain of mice. Thus, enhanced illness induced by TLR treatment during
primary RSV infection is not associated with a increased eosinophil or neutrophil recruitment
in BAL or tissue, two cell populations implicated in vaccine-enhanced disease.

CpG treatment alters cytokine and chemokine production after RSV challenge
The administration of CpG during FI-RSV immunization, alone or with TLR7/8 agonist,
reduced production of type 2 cytokines and eotaxin following RSV challenge with significant
differences observed at day 4 post-challenge (Table 3). The impact of TLR7/8 agonist on
cytokine production was less extensive with statistically significant increases observed only
in day 4 IL-5 (data not shown) and day 7 IFN-γ levels. Use of CpG during challenge increased
MIP-1α and MIP-1β production with statistically significant differences in MIP-1α levels.
Thus, the use of CpG during FI-RSV immunization may modulate disease by reducing type 2
cytokine production while the presence of CpG during RSV challenge may enhance illness by
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increasing production of MIP-1α and MIP-1β While inclusion of TLR7/8 agonist at
immunization or challenge increases IFN-γ levels, the inability to concomitantly decrease type
2 cytokine production may explain the for the ineffectiveness on eosinophil recruitment in
TLR7/8-treated mice.

No impact on IL-4, IL-5, IL-12, IL-13, or eotaxin production was observed following TLR
treatment during primary RSV infection in any strain of mouse (data not shown). Similarly,
the use of 3M-012 had no significant impact on the production of IL-10, IFN-γ, MIP-1α, or
MIP-1β (Table 4). In contrast CpG increased IL-10, MIP-1α and MIP-1β at day 4 post-infection
and IFN-γ and MIP-1α production at day 7 post-infection in all strains of mice and IFN-γ and
MIP-1β (at day 4 and 7, respectively) in A/J and FVB mice (Table 4).

Cellular and cytokine responses in uninfected and RSV-infected TLR-treated mice differ
To evaluate the ability of TLR activation in the absence of RSV infection to induce pulmonary
inflammation, mice were treated with CpG or TLR7/8 agonist. Cellular recruitment was
examined daily for 5 days after TLR agonist treatment since the day 4 and 7 timepoints in RSV-
infected mice are days 2 and 5 after treatment. Modest increases were seen in total cell number
and in all cell populations but T cells (both CD4+ and CD8+) and B cells (supplemental data).
Cell numbers peaked at day 1-2 after treatment. NK cell, eosinophil, neutrophil, monocyte,
and macrophage levels rapidly declined to baseline (day 0) levels by day 4-5 while DC cell
subsets began to decline at day 3 but did not generally baseline levels by day 5. Cytokine
production also occurred rapidly, peaking by day 1 and declining by days 2-3 post-treatment
(supplemental data). No type 2 cytokines were detected. While no IL-12 was detected in RSV-
infected mice, CpG treatment elicited IL-12 in the absence of RSV. Conversely, IFN-γ,
MIP-1α, and MIP-1β levels were higher in TLR-treated RSV-infected mice than in TLR-treated
uninfected mice. Thus, the sustained increases seen with TLR-treated RSV-infected mice is
not due solely to TLR-induced signaling, but reflects interactions of TLR-mediated signaling
on RSV-induced responses.

Discussion
The young age of primary RSV infection, immunosenescence of the elderly, the failure of
natural RSV infection to generate long-term protective immunity, and the history of vaccine-
enhanced disease present considerable challenges to development of a safe and effective RSV
vaccine. The ability of TLR agonists to modulate immunity provides new strategies that may
improve vaccine design. In particular, TLR agonists have been shown to stimulate mature
immune responses in neonates [38]. We therefore tested the ability of TLR7/8 and TLR9
agonists (1) to serve as adjuvants and modulate FI-RSV-enhanced disease immunization and
(2) to serve as a potential therapeutic agent and alter pathogenesis during live RSV infection
of naïve or immunized mice.

CpG has been proven an effective adjuvant in multiple models [22-26;30;39;40] inducing more
type 1 CD4+ and CD8+ T cells. We demonstrate that CpG administration during FI-RSV
immunization decreased disease and induced more Th1-like immune responses, reducing the
Th2 bias of RSV-specific immunity induced by immunization with FI-RSV or purified RSV
proteins. While TLR7/8 agonists have been successfully used as adjuvants during
immunization with purfied HIV-1 proteins [30;39;40], this was not an effective strategy during
FI-RSV immunization. This may be due to the complexity of alum-precipitated whole virus
immunogen. It may be that the viral RNA present in FI-RSV saturated the TLR7 and TLR8
receptors in endosomal compartments. In contrast, administration of both TLR agonists tended
to increase disease when given during live RSV challenge in the setting of pre-existing RSV
immunity induced by FI-RSV priming. Addition of either TLR7/8 or TLR9 agonist during
RSV infection enhanced disease severity as evidenced by weight loss (Figure 1) and higher
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levels of MIP-1α in the lung (Tables 3 and 4). Elevated levels of MIP-1α have previously been
associated with severe illness in RSV-infected infants [41] and in murine models of RSV and
pneumonia virus of mice pathogenesis [42;43]. Similarly, mice treated with TLR agonists
during RSV infection often exhibited elevated levels of IFN-γ. This finding may suggest
increased NK, NK T, and/or CD8+ T cell activity.

Administration of TLR agonists during RSV infection has the potential to broadly impact viral
pathogenesis due to TLR expression not only on pulmonary dendritic cells [44], but also on
airway epithelium [45;46] and NK cells present early during infection [47]. Interactions
between RSV and several TLRs have been demonstrated as reviewed [48]. In the murine model
of RSV pathogenesis NK T cells contribute to the activation and recruitment of virus-specific
CD8+ T cells [49], and the magnitude of IFN-γ-producing NK cells correlates with the
subsequent level of CD8+ T cell recruitment [50]. In addition, excessive numbers of RSV-
specific CD8+ T cells result in severe disease during RSV infection [51]. MIP-1α has been
shown to enhance CTL survival and function [52]. Thus, activation of dendritic cells, NK cells,
and NK T cells and increased MIP-1α production induced by TLR agonists at the wrong time
may amplify the virus-specific CD8+ T cell response, increasing immunopathology and
disease. Similar factors may be involved in the enhanced pulmonary pathology observed after
RSV challenge of cotton rats immunized with CpG and RSV F protein [24]. RSV has been
shown to result in prolonged retention of DCs in the lung [32]. Thus, the two week interval
between the second CpG-F intranasal immunization and RSV challenge may have resulted in
altered T cell differentiation or recruitment, leading to severe pulmonary pathology. Additional
analyses of the post-challenge immune responses would be informative in elucidating these
mechanisms and contributing factors. While increased innate immunity has generally been
associated with greater protection against RSV infection [20;21;53;54] and adaptive immune
responses have more often been associated with disease [55], these data show innate responses
can also contribute to immunopathology, depending upon the magnitude, timing, and
composition. However, more extensive analyses are required to determine the precise basis for
the enhanced disease severity observed here.

We also demonstrate that the genetic background of the host has consequences on the patterns
of virus-specific immune responses, particularly when TLR treatment occurs during live RSV
infection. While FI-RSV immunization uniformally predisposes for type 2 immune responses,
the strain of mouse impacts the magnitude of the response as evidenced by at least twice as
many eosinophils recruited to the lungs of FI-RSV-immunized RSV-challenged BALB/c mice
compared to C57BL/6 mice [34]. Though not tested, it is hypothesized that CpG would enhance
induction of Th1 immunity in all strains of mice, but that selected strains (e.g. C57BL/6) would
evidence greater Th2 to Th1 shifts than would strains such as BALB/c. Studies demonstrate
differences in early innate responses of particular strains induce more rapid type I responses,
e.g. C57BL/6 mice have more NK cells while A/J mice have low NK cell activity [56] and 129
mice have greater numbers of pDCs [57]). Any one or a combination of these factors may then
impact the induction of T cell and cytokine responses and result in different patterns of
responsiveness in TLR treatment of various mouse strains.

These studies show CpG, but not TLR7/8 agonist, is an effective adjuvant capable of
modulating FI-RSV-induced immune responses immunization, demonstrating a level of
specificity in the ability of TLR agonists to function as vaccine adjuvants. Importantly, we
demonstrate that the timing of immune interventions is of critical importance in RSV
pathogenesis. While we have not identified the specific components of the immune responses
resulting in increased disease, these data underscore that a precarious balance of RSV immunity
exists and must be maintained to elicit immunoprotection without concomitant
immunopathology.
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Figure 1. Weight Loss Following RSV Challenge in FI-RSV-Immunized Mice Treated with TLR
Agonists
Panel A – BALB/c mice were treated with the indicated TLR agonists during FI-RSV
immunization. Six weeks later the mice were challenged IN with live RSV and weighed days
0-12 after challenge. Data are represented as the percentage of weight (in grams) relative to
the base weight at day 0 for n=6 mice per group in a representative experiment (of 2).
Panel B – BALB/c mice were immunized with FI-RSV IM and, six weeks later, challenged
with live RSV. Two days after challenge, the mice were treated with the indicated TLR agonist.
Data represent base weight for n=6 mice per group from a single experiment.
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Panel C – Mice of the indicated strains were infected with live RSV IN. Two days after primary
infection, the mice were treated with the indicated TLR agonist. Data represent base weight
for n=5 mice per group from a single experiment
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Figure 2. RSV Titers in mice treated with TLR agonist during RSV challenge or during primary
infection
BALB/c mice were immunized with FI-RSV and treated with TLR agonists either during
immunization or during RSV challenge (panel A) and mice of different strains were treated
with TLR agonists during primary RSV infection (panel B) as detailed in Figure 1. RSV titers
were measured in the lung at day 4 post-challenge by plaque assay. The data are represented
as log10(pfu/gram lung tissue) for n=5-6 mice per group.
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Figure 3. BAL eosinophils and neutrophils in mice treated with TLR agonist during RSV challenge
or during primary infection
BALB/c mice were immunized with FI-RSV and treated with TLR agonists either during
immunization or during RSV challenge (panel A) and mice of different strains were treated
with TLR agonists during primary RSV infection (panel B and C) as detailed in Figure 1. Seven
days after RSV infection, BAL was performed, and differential cell counts of the BAL cell
pellets were made. The data are represented as the percentage of eosinophils (panels A and B)
and neutrophils (panel C) for n=5-6 mice per group.
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Table 1
RSV Neutralizing Antibody in FI-RSV-Immunized Mice

TLR Agonist Log2(reciprocal dilution 60%)

At Priming At Challenge Day -1 Sera Day 42 Sera

PBS PBS 2.73 ± 0.81 8.23 ± 1.56

CpG PBS 5.62 ± 1.92a 9.87 ± 0.58

TLR7/8c PBS 3.59 ± 1.53 9.02 ± 0.73

CpG + TLR7/8 c PBS 7.85 ± 0.02 a 8.33 ± 1.56

PBS CpG NT b 7.24 ± 2.44

PBS TLR7/8 c NT b 8.34 ± 0.96

PBS CpG + TLR7/8 c NT b 8.93 ± 0.80

a
Statistically significant difference relative to PBS-treated group, p<0.05. N=10 in two separate experiments.

b
NT=not tested

c
Two separate experiments were performed, one using the TLR7/8 agonist R-848 and one with TLR7/8 agonist 3M-012. Results were similar between

the 2 experiments.
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Table 2
RSV Neutralization Titers in Mice Treated with TLR Agonists during Primary RSV Infection

Mouse Strain TLR Agonist Log2 (reciprocal dilution 60% neutralization)

BALB/c PBS 7.20 ± 1.14

CpG 7.26 ± 0.44

TLR7/8a 8.57 ± 1.72

FVB PBS 7.47 ± 0.53

CpG 6.61 ± 0.52

TLR7/8a 7.99 ± 1.37

A/J PBS 8.46 ± 0.73

CpG 8.93 ± 0.23

TLR7/8a 9.13 ± 1.04

a
The TLR7/8 agonist 3M-012 was used in a single experiment. N=6 mice.
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