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Background: Respiratory syncytial virus (RSV) is the most common cause of viral
lower respiratory tract infections (LRTIs) in young children around the world and
an important cause of LRTI in the elderly. The available treatments and FDA-
approved vaccines for RSV only lessen the severity of the infection and are
recommended for infants and elderly people.

Methods: We focused on developing a broad-spectrum vaccine that activates
the immune system to directly combat RSV. The objective of this study is to
identify CD4* and CD8" T-cell epitopes using an immunoinformatics approach
to develop RSV vaccines. The efficacy of these peptides was validated through in-
vitro and in-vivo studies involving healthy and diseased animal models.

Results: For each major histocompatibility complex (MHC) class-I and Il, we
found three epitopes of RSV proteins including F, G, and SH with an antigenic
score of >0.5 and a projected SVM score of <5. Experimental validation of these
peptides on female BALB/c mice was conducted before and after infection with
the RSV A2 line 19f. We found that the 3BRVMHCI (CD8™") epitope of the F protein
showed significant results of white blood cells (19.72 x 10° cells/ul), neutrophils
(6.01 x 10° cells/pl), lymphocytes (12.98 x 10 cells/ul), IgG antibodies (36.9 pg/
ml), IFN-y (86.96 ng/L), and granzyme B (691.35 pg/ml) compared to control at
the second booster dose of 10 ug. Similarly, 4RVMHCII (CD4¥) of the F protein
substantially induced white blood cells (27.08 x 107 cells/ul), neutrophils (6.58 x
10° cells/ul), lymphocytes (16.64 x 10° cells/ul), IgG antibodies (46.13 ug/ml),
IFN-v (96.45 ng/L), and granzyme B (675.09 pg/ml). In-vitro studies showed that
4RVMHCII produced a significant level of antibodies in sera on day 45
comparable to mice infected with the virus. 4RVMHCII also induced high IFN-y
and IL-2 secretions on the fourth day of the challenge compared to the
preinfectional stage.
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Conclusion: In conclusion, epitopes of the F protein showed considerable
immune response and are suitable for further validation.

KEYWORDS

RSV, prophylactic vaccine, healthy and diseased animal models, hematological and
cellular assays, virus neutralization assay

1 Introduction

Respiratory syncytial virus (RSV), a highly infectious agent and
a major cause of lower respiratory tract infections (LRTIs), was
discovered in 1955 (1). RSV has 10 open reading frames (ORFs) in
its genome, which encode 11 structural and non-structural proteins.
The initial seven genes produce seven structural proteins. Viral
RNA is encapsulated by the nucleoprotein (N), phosphoprotein (P),
and RNA-dependent RNA polymerase (L), resulting in a helical
assembly known as the ribonucleoprotein complex (RNP). This
structure forms the minimal replication machinery and protects
viral RNA. The RSV contains three important membrane proteins:
the short hydrophobic protein (SH), the attachment glycoprotein
(G), and the fusion protein (F). The G protein is involved in viral
attachment and the F protein helps in viral fusion with host cells. A
pentameric ion channel is formed by the SH protein (2). Infants (<2
years), elderly people (>65 years), and cardiovascular or lung
disease or immunosuppressed individuals are more susceptible to
RSV infections. RSV infection may reoccur in individuals at any
stage of their life. In young and healthy individuals, this infection is
usually mild but, in older adults and infants, it can lead to major
consequences (3). Approximately, 30 million people are infected
annually and 3 million people are hospitalized with RSV infections.
Currently, after the COVID-19 epidemic, the rate of RSV infection
and hospitalization has increased significantly not only in the USA
but also in other 20 geographical regions (4). In general, annual
deaths from RSV-related LRI may be between 55,000 and 200,000
(5). In Pakistan, a low-income country, RSV is considered a major
source of LRI and mortality of < 5-year-old children. RSV-
associated respiratory diseases account for 20%-30% of all
pediatric mortalities (6). Since there is no specific treatment for
RSV infections, their prevalence and impact on health are
substantial. As supportive treatments, currently available
medications including palivizumab and ribavirin only work to
reduce the intensity and symptoms of infection (7). There are
some difficulties reported for RSV vaccine development, for
example, infant age, chances of reoccurrence of infection
associated with formalin-inactivated vaccine (FI), and the
hypersensitivity issues linked with subunit vaccine (8). An
efficient vaccine should be able to produce neutralizing
antibodies, inhibit viral replication, and stop the development of
infections. The tragic reality is that no effective and successful
vaccination was approved for use until early 2023 (9). In the mid
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of 2023, the FDA approved two new vaccines including Arexvy and
Abrysvo with some limitations and side effects, as they only target
specific age groups (10, 11).

Historically, vaccines for diseases were developed empirically by
isolating, killing, or inactivating, and then administering the
pathogens (complete or part of them) responsible for the disease
(12). The other scenario involved the purification of proteins before
using them as potential vaccines (13). More than 20 years ago,
genome sequencing transformed these traditional procedures by
allowing the direct use of genetic data for the development of novel
vaccine antigenic candidates. The importance of this research is to
develop a vaccine that will specifically stimulate the host immune
system against RSV infection. By doing so, it will be possible to
prevent RSV diseases and reduce its infectious burden. In addition,
vaccines against additional viral diseases can be developed following
the procedures used in this research. In this study, we used the
reverse vaccinology (RV) approach to predict and design potential
vaccine candidates based on a system-level framework (12). This
approach is based on computational techniques that seek potential
vaccine candidates using the pathogen proteomic data. The recently
reported subunit vaccine of COVID-19 (14) has been designed
using this approach. Such techniques are also being applied to
combat HIV and influenza infections (12). Emerging techniques in
human structural biology and immunology offer new molecular
data to predict and design vaccines against human CMV (human
cytomegalovirus) and RSV. The prediction of T-cell and B-cell
epitopes is one aspect of this approach. Improvements in epitope
prediction tools have reduced the amount of expensive and time-
consuming screening required in the past. Recently developed in-
silico prediction techniques significantly reduce the workload
related to epitope mapping by reducing the number of probable
epitope candidates that must be tested experimentally (15).
Vaccines containing B-cell epitopes that trigger a humoral
immune response may provide short-term immunity, while T-cell
vaccines may trigger long-term cell-mediated immunity with
minute humoral immune responses (16). Understanding the
distinction between “self” and “non-self” is essential for
predicting T-cell epitopes, which are the parts of pathogens
recognized by immune cells. This knowledge plays a crucial role
in the fight against infections and the prevention of autoimmune
diseases. In the case of RSV infections, where there is currently no
specific treatment available, it becomes even more vital to
understand how T-cell epitopes interact with host molecules. It is
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worth noting that the immune system’s mechanism of “negative
selection” ensures that T cells reacting to self-peptides are
eliminated, thus maintaining tolerance toward our tissues (17).
When epitopes are presented by MHC molecules, T lymphocytes
can identify them. T cells experience positive selection early in the
thymic growth phase to ensure that they bind to host MHC molecules.
There are two types of MHC molecules: class I molecules appear on the
surface of all nucleated cells, but class IT molecules are only present on
the surface of particular antigen-presenting cells (APCs) (18). Two
different subsets of T cell are present due to the presence of two distinct
classes of MHC molecules: CD4" and CD8™ T cells specifically bind to
MHCI and MHCII, respectively (17). Experimental validation of
predicted epitopes is a very crucial step in vaccine design. Animal
models are used to validate vaccine candidates at various stages of
vaccine development (19, 20).

The main objective of this research was to employ
computational techniques to predict the T-cell epitopes of the F,
G, and SH proteins of RSV. These peptides were synthesized and
experimentally analyzed e to determine their efficacy as potential
vaccine candidates. The successful development of RSV vaccines
based on T-cell epitopes could provide a groundbreaking and
focused strategy to combat RSV disease. In addition, if this
strategy works, it may be a useful paradigm for vaccine
development against other viral infections.

2 Materials and methods
2.1 Ethical approval

The Institute of Molecular Biology and Biotechnology Animal
Bioethics Committee approved the ethics of animal studies under
Approval No. IMBB/02/2019, and Emory University’s Institutional
Animal Care and Use Committee approved for phase II (Atlanta
GA, USA). Animal studies were conducted on healthy and diseased
models (infected with the RSV A2119f strain obtained from
Anderson’s Laboratory in Children’s Healthcare of Atlanta,
Emory University, Atlanta, GA, USA). Our hypothesis interprets
the activation of CD4" and CD8" lymphocytes by these potential
and T-cell-specific epitopes followed by the production of effector
molecules. The systematic and integrative framework of this study is
presented in Supplementary Figure S1.

TABLE 1 Plan for using synthetic peptides to immunize mice.

Mice/

10.3389/fimmu.2024.1349749

2.2 Retrieval and screening of RSV
proteomic data

RSV strain type A was selected based on clade-specific
pathogenicity and significantly associated pathogenesis in
newborns (21, 22). Protein sequences, in FASTA format for the
RSV strain type A, were retrieved from the NCBI and Uniprot
databases. These proteins were further screened based on molecular
weight, antigenicity (threshold level 0.45), and subcellular
localization to predict the T-cell epitopes (23). The protein-to-
protein interaction network of antigenic RSV proteins with other
host proteins was generated by Cytoscape version 3.6 (24).

2.3 Prediction and screening of
T-cell epitope

ProPred-I and ProPred servers were used to predict the multi-
allelic CD8" and CD4" T-cell epitopes related to MHCI and
MHCII, respectively (25). The predicted epitopes were selected
based on antigenicity using VaxiJen v2.0 (threshold value 0.5),
immunogenicity using the IEDB server, toxicity through ToxinPred
(SVM score <5), binding affinity (<-0.5 KJ/mol) with MHC class I
and II targets using MOE (Molecular Operating Environment
software ver. 2014.09), and the physicochemical properties of
epitopes through Expasy ProtParam as reported in our study (23).

2.4 Conservation analysis of
predicted epitopes

To explore the broad spectrum of global effects, we examined
the conservation of the predicted epitopes. Using the IEDB tool, this
conservation investigation was conducted on various RSV strains
associated with human diseases (26). The phylogenetic tree was also
constructed to study the relationship among the above-mentioned
strains using MEGA 11 (27). To reduce the risks and negative
impacts of putative antigenic epitopes, non-human homologous
proteins were found using BLAST analysis on the NCBI database
against humans (Homo sapiens).

Interval s Interval SRR
booster dose booster dose

50 ul PBS 50 ul PBS

10 pg/50 pl 10 pg/50 ul

3 weeks 3 weeks

25 pl alhydrogel + 10 ug 25 pl alhydrogel + 10

Epitope Groups Priming dose
pitop p group 9
Control 50 ul PBS
Peptide 5 ug/50 pl
RVI1/RV2/RV3/ P
Peptide 6 mi
4RV1/5RV2/6RV3 P MICE 1 25 ul alhydrogel + 5 pg
adjuvant X
+ saline = 50 pl
(alhydrogel)
Adjuvant 50 ul adjuvant
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+ saline = 50 pl

50 pl adjuvant

ug + saline = 50 pl

50 ul adjuvant
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2.5 Synthesis of peptides

The predicted T-cell epitopes of MHCI (CD8") and MHCII
(CD4") were synthesized from Shanghai Royobiotech Co., LTD,
China (invoice #2019NY0327-ZN9068).

2.6 Dose optimization

For in-vivo studies of predicted T-cell peptides to immunize mice,
the dose was optimized following the dose scheme (Table 1). Six groups
of mice (one for each peptide) were further classified into four
subgroups labeled as control, independent peptide, peptide plus
adjuvant, and only adjuvant. Alhydrogel was used as an adjuvant in
our study. Synthesized peptides were administered in equal
concentrations to the peptide group and peptide with the adjuvant
groups. According to preclinical trial guidelines, the initial dose was
evaluated and gradually increased until it was considered unsafe. The
concentrations of 5 pg, 10 pg, and 15 ug were injected to mice every 3
weeks. The benchmark of the optimum dose used throughout the
experiment was an increase in antigenic response. For the optimization
process, the 4RV1 peptide was used. Blood was drawn to perform
hematological and immunoassays 3 weeks after each dose.

2.7 Immunization of mice model

The female BALB/c mice of about 6 weeks with weight of 18-20
g were used for the experimental investigation of designed peptides
(28). Mice were immunized subcutaneously using a Iml syringe
(29) and maintained in carefully regulated lab settings (20°C-22°C,
50%-60% humidity, 12h light cycle). A primary dose of 5 pg/50 ul
of 1x PBS (phosphate buffer saline; pH 7.4) was injected into the
independent peptide group, while 5 ug/25 pl PBS along with 25 pl of
alhydrogel in the peptide plus adjuvant group. A similar scheme was
applied for the first and second booster doses for the experimental
and control groups. After immunization, animals were regularly
monitored to observe their response (30).

2.8 Collection of blood samples

Using hematocrit capillaries with an inner diameter of 0.8 mm
and a length of 75 mm, blood was extracted from immunized mice
under carefully monitored conditions by rupturing their retro-
orbital veins after 3 weeks of administration of priming, first, and
second booster doses, respectively. The serum was separated by
centrifugation at 2000g¢ for 10 min at 4°C (29).

2.9 Hematological assays

The CBC Coulter (Convergys X3 NG, Germany; Model:1100-
2600) was used to count lymphocytes, white blood cells (WBCs),
and other components of blood samples of immunized mice, and
the results were interpreted in 10° cells/ ul (31, 32).
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2.10 Immunoassays

2.10.1 IgG ELISA assays

The significance of IgG antibodies lies in their high specificity and
long-lasting presence. These antibodies serve as valuable tools to
identify previous infections and assess the efficacy of vaccines (33).
The IgG ELISA of sera from immunized mice was performed at room
temperature (RT) by following the manufacturing protocol of the
Antigen Down ELISA Development Kit (Catalog # 9101). On the first
day, the respective wells were coated with peptides (4 pg/ml) and kept
overnight incubation. The plates were blocked by adding 100 pl/well
block buffer after washing and then kept for overnight incubation. On
the next day, we dried the wells by tapping on absorbent paper, added
100 pl of mouse serum samples to their respective wells, and incubated
for 45 min. Washed the plate, 100 pl/well of HRP-conjugate was added
and incubated for 1h. The color changed to blue-green after incubating
100 pl of TMB (3,3',5,5' tetramethylbenzidine) substrate per well for
15-20 min in the dark. The IgG concentration in the samples (mg/ml)
was estimated by measuring the absorbance at 450 nm after adding 100
w/well of stop solution, which caused the observed color to turn
yellow (34).

2.10.2 IFN-y ELISA assay

Interferon-gamma (IFN- 7y) is an important effector molecule
produced by the CD4" T-lymphocytes in response to antigen
exposure (35). To check the efficacy and response of these CD4™ T-
cell-specific epitopes, we performed an IFN-y assay using an IF3N-y
ELISA Kit (Catalog #E0056Mo) (36). Initially, all reagents were kept at
room temperature and the assay was performed as per standard
guidelines. The standard solution was serially diluted using standard
diluent (1:2) from 640 to 40 ng/L. Fifty microliter of standard, 50 pl of
diluent (blank), and 40 pl of serum samples were added to their
respective wells. Ten microliter of IFN-y-specific antibody was added
to each sample well followed by the addition of 50 pl of Streptavidin-
HRP to each well. Each sample was gently mixed and incubated at 37°C
for 60 min. After washing, 50 ul of substrate solutions A and B were
added and incubated at 37°C for 10 min in the dark. After adding 50 pl
of stop solution, the absorption was measured at 450 nm using a Bio-
Rad (xMark " Microplate Absorbance Spectrophotometer; Model:
1681150) microplate reader after 10 min.

2.10.3 Granzyme-B assay

The granzyme-B (GzmB) assay is a valuable tool in vaccine
validation. Measuring T-cell-mediated cytotoxicity (CD8") provides
essential information about the vaccine’s efficacy beyond humoral
immunity contributing to the design of safer and more effective
vaccines for the future. The GzmB and perforin (Prf) were utilized
by CD8" T lymphocytes to eliminate tumor and virus-infected cells.
Using the Mouse GzmB ELISA kit (Catalog #EM0420) manufacturer’s
instructions, the amount of GzmB secreted in response to
immunization with specific RSV peptides was measured in the
serum of immunized animal models. One hundred microliter of
each standard dilution (1: 2) from 100 to 1.56 pg/ml and sample
serum (1:2) were added to their respective wells, and 100 pl of dilution
buffer in the sample wells were added and kept for incubation at 37°C
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for 90 min. One hundred microliter of biotin-labeled antibody (one of
100) per well was added after washing, and the mixture was kept for
incubation for 60 min at 37°C. After adding 100 pl of HRP-Streptavidin
conjugate (one of 100), the mixture was incubated at 37°C for 30 min.
Ninety microliter per well of TMB substrate was added to each well and
incubated for 15-20 min. Fifty microliter of stop solution to each well
was added and the absorbance of the wells was measured immediately
at 450 nm using a BioTeck 800TS ELISA plate reader. The GzmB
concentration was estimated and measured in pg/ml.

2.11 Disease model preparation: mice
challenging with the A2l19f virus

Six peptides (one peptide per group, five animals per group)
were injected intramuscularly into anesthetized BALB/c mice (6-
week-old) after ketamine/xylazine (100 pl/mouse) IP injection.
Normal saline was used to immunize the negative control group,
while 1 x 10° (TCIDs,) of the A2119F virus was administered
intraperitoneal to the positive control group using 100 ul of serum-
free MEM media (minimal essential medium). The submandibular
vein was used to draw blood in Eppendorf tubes on days 0 and 45
under isoflurane sedation and centrifuged at 8000g for 10 min for
serum separation. The serum was stored at —20°C after being kept
on ice throughout the procedure (37).

2.12 Neutralizing antibody assay

The serum viral neutralization test (SVN), used to determine the
concentration and effectiveness of systemic antineutralizing antibodies
that prevent a virus from infecting a host, is a highly accurate and
focused technique (38). The neutralizing capacity of these antibodies
was determined by twofold diluted sera from days 0 and 45 samples
using the fluorescent focus unit (FFU) assay. Human epithelial type-2
cells (HEp-2) were seeded to produce a 70% confluency. On the day of
the experiment, virus dilution [1 x 10® FFU/ml (100 )] was prepared
in MEM (900 pl) media. Sera samples were first diluted to 1:4 and then
diluted twofold to 1:256 dilutions. Sixty microliter of virus dilution was
added into 60 pl of diluted serum and incubated on the plate for 1h at
37°C. The media of the HEp2 wells was discarded and 50 pl of the
virus/serum mixture was added to each well of the HEp2 plate. The
plate was kept for 30 min at 4°C. After incubation, the plate was
centrifuged at 2000 rpm followed by the addition of 150 ul of
methylcellulose to each well and incubated for 2 days. Then the
FFU/well was counted after the incubation period (39).

2.13 Stimulation of splenocytes with RSV
CD4"- and CD8"-specific peptides

The spleen was harvested in cold R10 medium from immunized
pre- and post-infected mice, euthanized with pentobarbital drug (200
ul), and homogenized splenocytes via a 70-yum cell strainer. 2 x 10° cells
(100 pl) of immunized mice were transferred to each well of a 96-well
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plate. Each sample had triplicate wells labeled as an unstimulated,
leukocyte activation cocktail stimulated (LAC, 4 ul per 2 x 10° cells),
and peptide stimulated (20 pg/ml in R10) and incubated 1h at 37°C
(35). In each unstimulated peptide well, 5 ul of Brefeldin A (GolgiPlug;
0.2 pl of Brefeldin A, 4.8 pl of R10) was added and incubated for 4 to 5h
at 37°C. Centrifuged the plate for 3 min at 1200 rpm, resuspended the
pellets into 38 ul of 2.4G2 Fc blocking mix (5 ul of 2.4G2 in 33 ul of
FACS (fluorescence-activated cell sorting buffer), and incubated for
10 min on ice. 12.05 pl of the surface marker antibody cocktail (CD3
BUV496; 350 pl, CD4 BUV805; 43.8 pl, CD25 BV785; 70 pl, CD8a
BB515; 43.8 pl, CD19 PerCP Cy5.5; 87.5 ul, CD11c PerCP Cy5.5:43.8
ul, CD11b PerCP Cy5.5;116.9 ul, CD44 AF700; 43.8 pl,and IR Near L/
D; 43.8 pl) was added to each well and kept in incubation for 15 min.
The plate was centrifuged, the pellet broke down, and 75 pl of cold
Cytofix buffer (1x) was added. Gently mixed bufter and 100 pl of cold
permeabilization buffer (1x) were added to each well. The plate was
centrifuged, and the pellet was resuspended into 50 ul of cytokine
antibody (IL2 BV421: 140 pl, TNFo. PE: 70 pl, IFNy PE CF594: 70y,
and 1x Permeabilization/Wash Buffer: 3220 pl) cocktail in
permeabilization buffer. The plate was incubated overnight in the
dark at 4°C. The next day, 100 pl of permeabilization buffer was added
to each well and centrifuged at 1200 rpm for 3 min. The supernatant
was removed by gently flicking the plate and vortexed the plate to break
the pellets. Using FACS buffer, the pellet was resuspended and kept at
4°C in a dark room while flow cytometry was performed. Following
four days of the challenge with 1 x 10° FFU of mKate2-labeled A2-
line19F, post-infection splenocytes were treated according to the same
methodology. Run the flow to read the absorbance of samples at
300,000-500,000 events to observe the cellular response (40).

2.14 Evaluation of the lung viral load

We used the lung viral load assay to see the virus in the
immunized mice’s lungs (41, 42). The left lung was removed after
the four days of challenge and placed on ice in pre-labeled and pre-
weighed labeled tubes. The lung was cut into three to four pieces
into 400 pl of MEM medium and homogenized using the Mini-
Bead-Beater with 1ml zirconia/silica beads (BioSpec Catalog
#11079110z) for 1 min. This cycle was repeated 12 times and
then centrifuged for 5 min at 2000 rpm. HEp2 cells (25,000 cells/
well) were seeded in 96-well plates. Ninety microliter of NEAT
(lung homogenate) was transferred in duplicate and 50 ul of virus
A2119f (1:10) per well was transferred to cell plates. The plates were
centrifuged for 30 min at 2000 rpm at 4°C. Then, 150 pl of
methylcellulose was added into each well. The plates were allowed
to incubate for two days at 37°C before counting the FFU per well.

2.15 Statistical analyses
For statistical analysis, we used GraphPad Prism version 9, t-

and p-values, standard deviations, standard error, and two-way
analysis of variance (ANOVA) (43).
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3 Results
3.1 Retrieved proteomic data

We retrieved a total of 11 proteins from the RSV type A isolate
RSVNAL, as a reference genome from the NCBI and UniProt
database. Of the 11 proteins, only three proteins were subcellular
localized as transmembrane and extracellular proteins. The
antigenicity study showed that these three transmembrane proteins;
fusion (F), surface glycoprotein (G), and small hydrophobic (SH)
were antigenic with an antigenic score of 0.57, 0.49, and 0.48,
respectively (threshold value —0.45). These antigenic proteins were
potential vaccine candidates because they possessed molecular
weights of more than 7.5 kDa (44). The functional annotation of
the screened proteins as a protein-protein interaction was given in the

10.3389/fimmu.2024.1349749

supplementary data (Supplementary Figure S2). The results of
proteasomal cleavage of screened proteins were given in our
previous study (23).

3.2 Predicted CD4" and CD8*
T-cell epitopes

In our analysis using computational tools, we have identified 10
specific epitopes within the RSV proteins that could have the
potential to bind specifically to CD4" and CD8" T cells, which in
turn can trigger a robust antiviral immune response. Based on the
antigenicity of the epitopes and their binding energies with the
target alleles CD4" and CD8", such as HLA-A*01:01 for CD8"
(PDB ID: 1w72) and HLA-DRA/DRB1*01:01 for CD4" (PDB ID:
1BX2), six epitopes were selected for further in-vivo

TABLE 2 Predicted T-cell epitopes for CD4* and CD8" as possible vaccination candidates.

Epitope Protein Peptide Molecular e SVM o Binding
sequence name coding weight (Da) AT score Ty energies
LKSIAQITL G protein IRVMHCI 986.22 0.6024 -1.18 Non-toxin -8.5153
FSSKFWPYF SH protein 2RVMHCI 1208.38 0.7148 -0.67 Non-toxin -9.8595
LLALIAVGL F protein 3RVMHCI 882.15 1.4491 -1.32 Non-toxin -8.2264
IVRQQSYSI F protein 4RVMHCII 1093.25 1.3637 -0.96 Non-toxin -11.7086
LGISFSNLS G protein SRVMHCII 937.06 2.0701 -1.25 Non-toxin ~10.7463
FWPYFTLIH SH protein 6RVMHCII 1223.44 1.2475 -112 Non-toxin ~11.5413

TABLE 3 The physicochemical characteristics of T-cell epitopes CD4* and CD8" as prospective vaccination candidates.

Peptide

GRAVY Charge Half-life

sequence

Instability index (stable
< 40)

Aliphatic
index

reticulocytes)
2 min (in-vivo E. coli)
3 min (in-vivo yeast)

LKSIAQITL 1.06 1.00

5.5h (in-vitro mammalian

—-0.54 184.44 8.75

reticulocytes)
2 min (in-vivo E. coli)
3 min (in-vivo yeast)

FSSKFWPYF —-0.100 1.00

reticulocytes)

LLALIAVGL
2 min (in-vivo E. coli)

3.01 0.00

3 min (in-vivo yeast)

reticulocytes)
>10h (in-vivo E. coli)
30 min (in-vivo yeast)

IVRQQSYSI —0.13 1.00

reticulocytes)
2 min (in-vivo E. coli)
3 min (in-vivo yeast)

LGISFSNLS

reticulocytes)
2 min (in-vivo E. coli)
3 min (in-vivo yeast)

FWPYFTLIH 0.69 0.50
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1.1h (in-vitro mammalian

5.5h (in-vitro mammalian

20h (in-vitro mammalian

5.5h (in-vitro mammalian

1.1h (in vitro mammalian

30.29 0.00

—-0.54 271.11 5.52

91.08 118.89 8.75

—-0.54 130.00

22.6 86.67 6.74
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experimentation (Table 2). Molecular interaction images along with
binding energy values are provided as supplementary data
(Supplementary Figures S3-S5) from our previously published
paper (23). The physicochemical properties of the selected
epitopes such as instability index, charge, toxin prediction, SVM
score, hydropathicity, pI value, and aliphatic index were
investigated (Table 3). CD8" specific epitopes covered 17.34% of
the world population with respect to target allele, while CD4"
specific epitopes covered 11.53%.

3.3 Conservational analysis

Conservational analysis is important in vaccine design to evaluate
the efficacy of these epitopes. In this analysis, two CD4" T-cell epitopes
including IVRQQSYSI and FWPYFTLIH demonstrated 100%
conservancy (red) with different RSV strains and potentially have
broad spectral effects. During conservation and sequence alignment,
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we found variations in the conservancy of CD4" epitopes LGISFSNLS
(blue) (33%-100%) while CD8" T-cell epitopes including
FSSKFWPYF, LKSIAQIAL, and LLALIAVGL exhibited more than
75% (orange) conservation (Figure 1A). Using human proteomic data
as reference sequence, during sequence alignment, none of the six
epitopes contain potential conserved domains (Figure 1B), indicating
the dissimilarity of host and viral sequences. This step is important to
avoid autoimmune responses. For evolutionary and phylogenetic
analysis, we observed two main clades of RSV strains and found a
99%-100% evolutionary relationship and homology among various
strains of RSV (Supplementary Figure S6).

3.4 Optimization of dose

The dose was optimized by immunizing mice with
concentrations of 5 pg, 10 ug, and 15 pg per 50 pl. As
immunogenicity measures, IgG, IFN-y, and GzmB concentrations
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100.0

88.89 | 88.89

73.28

n e
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46.56
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(A) Conservation study of putative vaccination epitopes using 20 pathogenic human RSV strains; (B) non-homologous sequence aliment of epitopes

with human proteome.
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Figuring out the ideal, safe dosage. Ten microgram was thought to
be the optimal dose, since it elicited the strongest immunological
response, whereas 5 pg was thought to be the priming dose

were measured 3 weeks after the dose administration. In contrast to
the control group, we observed that a dose of 5ug elicited an
immunogenic response, whereas a dose of 10 pg greatly increased
the level of stimulation of the immune system. At 15 pg, there was a
reduction in IgG, IFN-y, and GzmB concentration of considered a
lethal dose. The mice showed stress-related symptoms and
abnormal behavior at 15 pg, such as enlarged porphyrin rings,
hair loss, frequent scratching, aggression, untidy coat, and less
activity than usual, and 50% of the mice perished. So, 10 pg was
the optimized dose as the first and second booster for the rest of the
in-vivo studies (Figure 2). The immunological response of the third
booster dose in an animal model was similar to that of the second
booster dose. As a result, at this point we decided not to investigate
into the third booster dose for further studies.

3.5 Hematological assays

The blood components, including WBC, LYM, and NEU,
assessed in mice treated with peptides showed a significant
immune response compared to their respective controls. The
Dunnett’s multiple comparison test was used in a two-way
ANOVA to compare the treatment groups of each peptide with
the corresponding controls. According to this statistical study, each
of the six distinct peptide groups had a significant number of blood
components (p-value < 0.0001, 95% CI value) at 10 ug booster doses
compared to all other groups (control, adjuvant, and peptide plus
adjuvant). Analysis showed that of six epitopes, F protein CD8" and
CD4" peptides (3BRVMHCI and 4RVMHCII) independently
observed relatively high levels of WBCs (19.72 x 10> cells/ul and
27.08 x 10 cells/pl, respectively), LYM (6.01 x 10? cells/ul and 6.58
x 107 cells/pl, respectively) and NEU (12.98 x 10 cells/ul and 16.64
x 107 cells/ul, respectively) in contrast to other groups at the 10 pg
second booster dose and other immunization doses (Figures 3-5).
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3.6 Immunoassays

3.6.1 IgG immunoassays

IgG ELISA is considered an essential assay for evaluating the
humoral immune response of potential vaccine candidates. We found
a substantial increase in IgG antibodies in independent peptide
groups with a p-value of < 0.0001 compared to the peptides plus
adjuvant and control groups in all doses, using two-way ANOVA
with Dunnett’s multiple comparison test. Compared to priming
doses, the second booster dose of all peptides significantly
produced a high level of IgG antibodies. The CD8 + 3RVMHCI
and CD4 + 4RVMHCII peptides of all of their respective peptides
showed a significant increase in antibody concentration. A significant
level of IgG antibodies (38.45 mg/ml) was observed in 3RVMHCI-
treated mice independently at the second booster (10 ug) dose when
compared to mice that showed 28.59 mg/ml and 17.64 mg/ml at the
primary and first booster doses, respectively. Peptide 4ARVMHCII also
showed an induction trend of antibodies at 57.85 mg/ml, 42.60 mg/
ml, and 23.51 mg/ml at the second, first booster, and priming doses,
respectively (Figure 6).

3.6.2 IFN-y ELISA assay

The IFN-y content in blood sera from mice immunized with
CD4*- and CD8"-specific peptide vaccine candidates were
examined. Dunnett’s multiple comparison test with two-way
ANOVA was performed to compare IFN-y concentrations within
treated groups with their respective control groups. All peptides
produced higher IFN-y concentrations to develop immunity against
RSV, but peptides of CD4" (MHCII) showed significant results
compared to CD8" (MHCI) peptides. Compared to the control and
adjuvant groups, the second booster dose conferred more
substantial immunity in the independent groups of all peptides.
At the second booster dose in mice that had received immunization,
the 3RVMHCI peptide alone caused a statistically significant
increase in IFN-y (42.19 ng/L) with a p-value less than 0.0001
compared to the control group. This was succeeded by the
IRVMHCI peptide (35.57 ng/L) acting independently.
4RVMHCII independently (without adjuvant) induced the
highest TFN-y production among all peptides and other treated
groups. At the second booster dose, 4RVMHCII produced the
maximum amount of IFN-y (60.08 ng/L), with p < 0.0001. In
contrast, the priming and first booster doses produced 22.16 ng/L
and 45.1783 ng/L, respectively. Each peptide’s adjuvant group had a
negligible increase in IFN-y compared to controls (Figure 7).

3.6.3 Granzyme B assay

To calculate the concentration of GzmB molecules, we
compared the groups treated with peptides with their respective
control groups using Dunnett’s multiple comparison test in a two-
way ANOVA. Activated CD8" cytotoxic T cells release the GzmB
protein when bound by MHCI molecules. Statistical analysis
demonstrated that GzmB proteins were significantly released in
response to CD8" peptides compared to CD4" peptides. GzmB
levels were lower in mice immunized with peptides along the
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White blood cell counts in the sera of BALB/c mice given the different booster doses of CD4* and CD8" peptide immunization. The SEM from n = 6
mice/group was shown by error bars. Using GraphPad Prism version 9, two-way ANOVA and Dunnett’'s multiple comparisons tests were used to
establish the significant value (p < 0.05). (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001)

adjuvant, while only the peptide group showed substantial GzmB
release at the second booster dose with a p-value of < 0.0001. In
total, 3RVMHCI independently induced the GzmB protein at
priming, first, and second booster doses of 171.8 pg/ml, 394.77
pg/ml, and 488.68 pg/ml, respectively (Figure 8).

3.7 Virus neutralization assay
An approach that is frequently used to quantify the amount of

functional antibodies produced in response to peptide injections is
the RSV virus neutralization assay. Sera were extracted from
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immunized mice on days 0 and 45 for neutralization analysis and
used diluted in 1:16 ratios. Our results showed that, at day 45, the
4RVMHCII sera had more significant levels of neutralizing
antibodies than other peptide groups, although they were
comparable to positive control samples (A2119f) infected with 1 x
10° FFU/ml. The titer of the positive control mice (A2119f) on day
45 was not fully determined beyond an IC50 of 16. This indicates
that the concentration of antibodies needed to inhibit 50% of viral
activity exceeded 16 times the initial dilution. The IC50 of
4RVMHCII revealed that a substantially diluted day 45 serum
sample (such as a 1:17 dilution) is required to neutralize 50% of
the virus. At day 45, 3RVMHCI and 5RVMHCII did not exhibit a
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Lymphocyte counts in the sera of BALB/c mice given the different booster doses of CD4* and CD8" peptide immunization. The SEM fromn = 6
mice/group was shown by error bars. Using GraphPad Prism version 9, two-way ANOVA and Dunnett’'s multiple comparisons tests were used to
establish the significant value (p < 0.05). (*p < 0.05, **p < 0.01, ***p < 0.001,****p < 0.0001).

significant number of neutralizing antibodies compared to the
positive group, nor did they show a substantial increase in
antibodies compared to other peptides (Figure 9).

3.8 Flow cytometry analysis

Surface markers and intracellular cytokine labeling were used to
assess the immune response to T cells from immunized mice’s
splenocytes obtained before and on the fourth day of challenge with
A2119f RSV. The forward scatter plot (FSC) (proportional to size)
and side scatter (SSC) (based on cell granularity) were used to gate
on lymphocytes, which have low FSC and low SSC. The scatter plot
is divided into four quadrants, of which quadrant 4 at the right
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upper corner shows a double positive population. Before infection,
only 6RVMHCII showed high IFN-y*-producing cells compared to
the unstimulated group. Although all peptides demonstrated
elevated IFN-y" subpopulations in an unstimulated group before
the challenge, 3RVMHCI, and 4RVMHCII showed a substantial
increase in IFN-y" expression in the CD4" population after the
challenge relative to the unstimulated group and somewhat similar
to the group treated with A2119f (Figure 10). In the case of CD8"
pre-infection, the 4RVMHCII, and 6RVMHCII showed increased
IFN-y" subpopulation compared to unstimulated samples, but after
challenging, only the 4RVMHCII peptide showed a significant
increase in IFN-y" subpopulation (Figure 11). In both CD8" and
CD4" populations, the A2119f RSV-infected group showed greater
IFN-Y" expression compared to the groups of mice stimulated with
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Neutrophil counts in the sera of BALB/c mice given the different booster doses of CD4" and CD8" peptide immunization. The SEM from n = 6 mice/
group was shown by error bars. Using GraphPad Prism version 9, two-way ANOVA and Dunnett’'s multiple comparisons tests were used to establish
the significant value (p < 0.05). (*p < 0.05, **p < 0.01, ***p < 0.001,****p < 0.0001)

peptides and untreated. Similarly, flow cytometry was used to
quantify the IL-2%, and CD44" subpopulations among the CD4",
and CD3" populations. 6RVMHCII and A2119f groups showed
noticeably higher amounts of IL-2", and CD44" subpopulation
expression than their respective unstimulated group and other
peptide-stimulated groups before the challenge. However, only
peptide-6 statistically showed a significant change. On the other
hand, peptides 3-6 showed an elevated subpopulation of CD44"
and IL-2" within CD4", and CD3" populations after 4 days of
infection (Figure 12). However, in the case of CD8*, 4ARVMHCII
peptide substantially increased after the challenge about
unstimulated groups. Compared to mice without pre- and post-
infection, the A2119f RSV-infected group exhibited higher IL-2*

Frontiers in Immunology

11

expression in both CD4" and CD8" cell populations with peptide
stimulation. A scatter plot was created with the intracellular marker
for IL-2*/IFN-y" on the x-axis and the surface markers for CD44"*
populations on the y-axis within CD4*/CD8" (Figure 13).

3.9 Lung virus load

The lung was taken from mice immunized with peptides,
infected with A2119f, control group after 4 days of infection
before and after challenge, and homogenized cells. FFU results
showed a measurable virus load in the mice’s lungs immunized with
each of the six peptide groups. Regarding molecular diagnostic
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The levels of IgG antibodies (mg/ml) measured by ELISA, from sera of immunized BALB/c mice with different doses of synthetic peptides with and
without adjuvant. The mean of six mice was represented by error bars. Using GraphPad Prism version 9, two-way ANOVA and Dunnett's multiple
comparisons tests revealed a significant difference (P < 0.05). (*p < 0.05, **p < 0.01, ***p < 0.001,****p < 0.0001), ns: non-significant

assays, LOD is commonly considered to be the lowest amount of
target that can be identified in about 95% of repeat measurements.
An in-vivo investigation revealed that none of those mentioned
above peptides decreased the amount of virus in the lungs of
immunized mice, since the virus load exceeded the level of LOD
and was comparable to that of a control group (Figure 14). A2119f
RSV-infected mice showed a non-detectable virus level because
RSV-specific antibodies were produced and effectively neutralized
the virus upon infection, compared to predicted peptides, which
had a geometric mean titer of 5-5.5 log;, of FFU/g lung. Although
the candidate peptides showed some promising qualities in in-vitro
studies, however, further animal studies are for validation purposes.
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4 Discussion

The human respiratory syncytial virus (hRSV) is a serious risk
to newborns, young children, and immunocompromised
individuals. Including the severity, the virus’s high level of
mutability and capacity to inhibit the human immune system
make it challenging to develop a licensed vaccine (45). However,
recent developments have produced several vaccine candidates with
high potential, such as vector-based, live-attenuated, and subunit
vaccines. Two subunit candidates, that is, Pfizer’s F protein vaccine
“Abrysvo” (46) and GlaxoSmithKline F protein vaccine “Arexvy”
(10) have proven successful in clinical trials to effectively reduce
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The ELISA kit was used to quantify the IFN-y level (ng/L) in the sera of mice that received different doses of synthetic peptides, with and without
adjuvant. The mean of six mice was represented by error bars. Using GraphPad Prism version 9, two-way ANOVA and Dunnett's multiple
comparisons tests revealed a significant difference (P < 0.05). (*p < 0.05 indicates, **p < 0.01, ***p < 0.001,****p < 0.0001), ns: non-significant.

RSV-related LRTIs by more than 80% in pregnant women to
provide passive immunity to newborns and in elderly people,
respectively. The “lollipop-shaped” prefusion protein (preF) of the
virus is the target of both RSV vaccines. After fusion with the host
cell receptor, this protein transforms into a “crutch-shaped” post-
fusion (postF) form resulting in an infection (47). Either the viral
and cell membrane merge or another unidentified process causes
the highly metastable preF to spontaneously reorganize into the
energetically favorable postF conformation, resulting in the
acquisition of the postF state. The two varieties are being studied
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as potential vaccination candidates due to their distinct antigens.
Injection site discomfort, fatigue, myalgia, headache, and preterm
births are the adverse effects of Arexvy (10). Abrysvo reported that
adverse responses in pregnant women were headache, muscle
discomfort, injection site pain, nausea, the chance of congenital
disabilities, and loss. In contrast, older people showed adverse
effects such as muscle pain, injection site pain, exhaustion, and
headache (11). RV was used to find putative T-cell epitopes,
broadening the pool of possible vaccine candidates. This
innovative strategy has the potential for long-term cell-mediated
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The granzyme B ELISA kit was used to quantify the granzyme level (pg/ml) in the immunized mice’ sera with synthetic peptides at different doses.
Error bars showed the mean (SD) from n = 6 mice per group. Using GraphPad Prism version 9, two-way ANOVA and Dunnett's multiple
comparisons tests were used to find a significant difference (P < 0.05). (*p < 0.05, **p < 0.05, ***p < 0.05, ****p < 0.0001), ns: non-significant.

FIGURE 9

20
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Neutralization of RSV A2l19f virus by sera from pre-infected immunized BALB/c mice on days 0 and 45 pre-infection by FFU count. The assay
showed that 4RVMHCII showed greater titer as compared to the control group. A non-linear regression analysis was used to determine the IC50.
Using GraphPad Prism version 9, the data showed the mean IC50 from two experimental replicates + SD.
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FIGURE 10

Analysis of the IFN-y" subpopulation in CD4* and CD3* cells using flow cytometry both before and after they were challenged with the RSV

A2(19f strain.

immunity and supports traditional vaccine development
techniques. Using various techniques from genomics, proteomics,
and bioinformatics, this approach predicts vaccines for a range of
infectious diseases. This strategy can potentially design CD4" and
CD8" T-cell therapeutic candidates to combat persistent viral
infections and develop versatile preventive vaccinations. When
paired with adjuvants, epitope-based vaccinations provide a
simple manufacturing process and strong immunogenicity (17, 48).

As previously reported, six of the 10 RSV MHC classes I and II
epitopes identified by meta-analysis were selected for additional
investigation due to their antigenicity, immunogenicity, toxicity,
and low-binding energy (23). The successful development of a
potent RSV vaccine is a crucial endeavor, with experimental

Frontiers in Immunology

validation in-vivo using animal models being of utmost
importance (19). In this investigation, healthy female BALB/c
mice were used to validate the predicted peptides, showing
notable immunological responses, especially for the peptides
3RVMHCI and 4RVMHCII. Hematological tests showed that
immunized mice had a higher number of LYM, NEU, and WBC
values. ELISA assays further supported immune responses, which
revealed elevated IgG antibody concentrations in the treated
groups. 4dRVMHCII peptide showed substantial antibody
production (57.85 mg/ml) compared to other peptides and
control with a p-value of <0.0001. However, CD4" epitopes were
especially important in triggering the production of IFN-y, which is
vital against viral infections. The most significant amount of IFN-y
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FIGURE 11

Analysis of the IFN-y" subpopulation in CD8* and CD3" cells using flow cytometry both before and after they were challenged with the RSV

A2119f strain.

was generated by the 4ARVMHCII, highlighting its potent candidate
vaccine. As previously reported, this increase offers encouraging
information for developing an effective RSV vaccine (35). CD8"
cells provide acquired immunity by binding to MHCI surface
molecules on APCs (49). GzmB, which functions through
caspase-dependent and independent mechanisms, is a powerful
pro-apoptotic enzyme employed by CTLs and NK cells to destroy
infected or tumor cells (50). In this study, we found a significant
concentration of GzmB in epitopes-treated animals indicating the
stimulatory response of CD8" T-lymphocytes.

The importance and efficacy of vaccine candidates against
infection were tested by experimental validation in infected
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animal models. Various cell line tests were also performed such
as serum virus neutralization (SVN), flow cytometry, and an
estimation of lung virus load. According to the SVN assay using
human Hep-2 cell lines, 4RVMHCII revealed significant levels of
neutralizing antibodies, similar to the virus A2119f. With the aid of
flow cytometry, numerous cell populations in various tissues can be
precisely characterized (51). The results showed that the
4RVMHCII peptide activated IFN-y" and IL-2" producing
subpopulations after exposure to the RSV virus. Despite eliciting
immunological responses, none of the peptides neutralized RSV in
the lungs of mice, indicating minimal efficacy in lowering viral
infectivity. This inefficacy might be explained by certain
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FIGURE 12

IL-2+ subpopulation in CD4* and CD3™ cell populations using flow cytometry analysis both before and after RSV A2(19f strain challenge.

characteristics such as peptide hydrophobicity, poor solubility, and
minimal surface exposure stimulating the immune system. The
3RVMHCI and 4RVMHCII F protein peptides demonstrated some
potential to induce an immune response, as reported that the F
protein is an essential vaccine candidate due to its increased
antigenicity and immunogenicity along with its conservancy
across RSV strains (52). In general, the work highlights the
importance of future development and testing.

The Pfizer Abrysvo vaccine targets the RSV F protein, a critical
factor in viral entry, provides active immunization in pregnant
women. Antibodies from vaccinated mothers are passed through
the placenta providing passive immunization for infants under six
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months of age, RSV infection (53). Our peptides cause humoral and
cellular reactions, which may provide defense by neutralizing the virus
and eradicating infected cells. Targeting both B and T cells may offer a
more effective and multifaceted defense against RSV and possibly
reduce the vulnerability of the virus to escape. Although the Pfizer
vaccine is only recommended for pregnant women between 32 and 36
gestation age (11), our vaccination options target all age groups, thus
offering insightful information about possible candidates for vaccine.

In conclusion, this study predicted three CD4" and CD8"
peptides from RSV structural proteins including F, G, and SH. In
both healthy and diseased mice, it was discovered that two of the F
protein epitopes, 3RVMHCI and 4RVHCII, significantly elicited an
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The FFU assay was used to evaluate vaccine attenuation on the
fourth day of infection, immunized BALB/c mice were intranasally
infected with A2-linel9F. Only RSV virus, A2l19f, had a viral load that
was lower than the detection value (LOD). Data are mean + SEM. A
significant decrease in lung viral load was indicated by ***. Using
GraphPad Prism version 9, a one-way ANOVA with Tukey's multiple
tests was used to evaluate significance (p < 0.0001).
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immune response in a healthy animal model. In-vitro studies also
showed that 4RVHCII produced peptide-specific antibodies that
were effectively neutralized. These findings suggest that these two
epitopes showed promising effects as potential vaccine candidates;
however, further safety and clinical trials are required.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The animal studies were approved by Institute of Molecular
Biology and Biotechnology’s Bioethics Committee for Animals
under Approval No. IMBB/02/2019. The studies were conducted
in accordance with the local legislation and institutional
requirements. Written informed consent was obtained from the
owners for the participation of their animals in this study.

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1349749
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Qousain Naqyvi et al.

Author contributions

SN: Writing — original draft, Methodology. JG: Writing — review &
editing, Data curation. SZ: Writing — original draft, Methodology,
Investigation. AA: Writing - review & editing, Formal analysis,
Conceptualization. LA: Writing — review & editing, Methodology, Formal
analysis. CR: Writing - review & editing, Methodology. BB: Writing — review
& editing, Formal analysis, Conceptualization. SM: Writing - review &
editing, Supervision, Formal analysis, Conceptualization.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. Under Grant
No. PHEC/ARA/PIRCA/200321/1, the Punjab Higher Education
Commission (PHEC) provided funding and support for
this project.

Acknowledgments

We are thankful to all of Anderson’s and Christina’s Lab
members for their support and encouragement while carrying out
my work on diseased models. We also acknowledged the Higher
Education Commission (HEC) Pakistan [No: 1-8/HEC/HRD/2021/
11515 (PIN. IRSIP 49 BMS 22)] for their support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Battles MB, McLellan JS. Respiratory syncytial virus entry and how to block it. Nat
Rev Microbiol. (2019) 17:233-45. doi: 10.1038/s41579-019-0149-x

2. Kiss G, Holl JM, Williams GM, Alonas E, Vanover D, Lifland AW, et al. Structural
analysis of respiratory syncytial virus reveals the position of M2-1 between the matrix
protein and the ribonucleoprotein complex. J Virol. (2014) 88:7602-17. doi: 10.1128/
jvi.00256-14

3. Rozenbaum MH, Begier E, Kurosky SK, Whelan J, Bem D, Pouwels KB, et al.
Incidence of respiratory syncytial virus infection in older adults: limitations of current
data. Infect Dis Ther. (2023) 12:1487-504. doi: 10.1007/s40121-023-00802-4

4. Colosia A, Costello J, McQuarrie K, Kato K, Bertzos K. Systematic literature
review of the signs and symptoms of respiratory syncytial virus. Influenza Other Respir
Viruses. (2023) 17:€13100. doi: 10.1111/irv.13100

5. Blau DM, Baillie VL, Els T, Mahtab S, Mutevedzi P, Keita AM, et al. Deaths
attributed to respiratory syncytial virus in young children in high-mortality rate
settings: report from Child Health And Mortality Prevention Surveillance
(CHAMPS). Clin Infect Dis. (2021) 73:5218-S28. doi: 10.1093/cid/ciab509

6. Naz R, Gul A, Javed U, Urooj A, Amin S, Fatima Z. Etiology of acute viral
respiratory infections common in Pakistan: A review. Rev Med Virol. (2019) 29:2024.
doi: 10.1002/rmv.2024

7. Turner TL, Kopp BT, Paul G, Landgrave LC, Hayes D Jr., Thompson R.
Respiratory syncytial virus: current and emerging treatment options.
ClinicoEconomics Outcomes Res. (2014) 25:217-25. doi: 10.2147/CEOR

Frontiers in Immunology

10.3389/fimmu.2024.1349749

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1349749/
full#supplementary-material

SUPPLEMENTARY FIGURE 1
Integrative system-level framework for predicting and designing potential
epitopes of respiratory syncytial virus (RSV)

SUPPLEMENTARY FIGURE 2
Functional annotation of screened RSV protein as protein—
protein interaction

SUPPLEMENTARY FIGURE 3
Molecular interaction of CD8" T-cell epitopes with target MHCI allele HLA-
A*01:01 (PDB ID: 1w72) along with binding energies.

SUPPLEMENTARY FIGURE 4
Molecular interaction of CD4* T-cell epitopes with target MHCII allele HLA-
DRA/DRB1*01:01 (PDB ID: 1BX2) along with binding energies.

SUPPLEMENTARY FIGURE 5
Molecular interaction of polyvalent construct with targets MHCI, MHCII, and
TLR3 molecules along with binding energies

SUPPLEMENTARY FIGURE 6
The phylogenetic tree showed the relationship between various RSV strains.

8. Boyoglu-Barnum S, Chirkova T, Anderson LJ. Biology of infection and disease
pathogenesis to guide RSV vaccine development. Front Immunol. (2019) 10:1675.
doi: 10.3389/fimmu.2019.01675

9. Meissner HC. The beginning of a new era in RSV control. Pediatrics. (2023) 152:
€2023063817. doi: 10.1542/peds.2023-063817

10. GlaxoSmithKline. Arexvy Prescribing Information. (2023). Rixensart, Belgium,
U.S. License 1617, and Distributed by GlaxoSmithKline, Durham, NC 27701.

11. Pfizer. Abrysvo Prescribing Information. (2023). Pfizer Inc., NY, NY 10001 US
License No. 2001. Distributed by Pfizer Labs, Division of Pfizer Inc. New York, NY 10001.

12. Rappuoli R, Bottomley M]J, D’Oro U, Finco O, De Gregorio E. Reverse
vaccinology 2.0: Human immunology instructs vaccine antigen design. ] Exp Med.
(2016) 213:469-81. doi: 10.1084/jem.20151960

13. Heinson AI, Woelk CH, Newell M-L. The promise of reverse vaccinology. Int
Health. (2015) 7:85-9. doi: 10.1093/inthealth/ihv002

14. Huffman A, Ong E, Hur ], D’Mello A, Tettelin H, He Y. COVID-19 vaccine
design using reverse and structural vaccinology, ontology-based literature mining and
machine learning. Briefings Bioinf. (2022) 23:bbac190. doi: 10.1093/bib/bbac190

15. Sanchez-Trincado JL, Gomez-Perosanz M, Reche PA. Fundamentals and
methods for T-and B-cell epitope prediction. J Immunol Res. (2017) 1):1-14.
doi: 10.1155/2017/2680160

16. Testa JS, Philip R. Role of T-cell epitope-based vaccine in prophylactic and
therapeutic applications. Future Virol. (2012) 7:1077-88. doi: 10.2217/fv1.12.108

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1349749/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1349749/full#supplementary-material
https://doi.org/10.1038/s41579-019-0149-x
https://doi.org/10.1128/jvi.00256-14
https://doi.org/10.1128/jvi.00256-14
https://doi.org/10.1007/s40121-023-00802-4
https://doi.org/10.1111/irv.13100
https://doi.org/10.1093/cid/ciab509
https://doi.org/10.1002/rmv.2024
https://doi.org/10.2147/CEOR
https://doi.org/10.3389/fimmu.2019.01675
https://doi.org/10.1542/peds.2023-063817
https://doi.org/10.1084/jem.20151960
https://doi.org/10.1093/inthealth/ihv002
https://doi.org/10.1093/bib/bbac190
https://doi.org/10.1155/2017/2680160
https://doi.org/10.2217/fvl.12.108
https://doi.org/10.3389/fimmu.2024.1349749
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Qousain Naqyvi et al.

17. Schaap-Johansen A-L, Vujovic M, Borch A, Hadrup SR, Marcatili P. T cell
epitope prediction and its application to immunotherapy. Front Immunol. (2021)
12:712488. doi: 10.3389/fimmu.2021.712488

18. Neefjes J, Jongsma ML, Paul P, Bakke O. Towards a systems understanding of
MHC class I and MHC class II antigen presentation. Nat Rev Immunol. (2011) 11:823-
36. doi: 10.1038/nri3084

19. Kiros TG, Levast B, Auray G, Strom S, van Kessel ], Gerdts V. The importance of animal
models in the development of vaccines. Innovation in Vaccinology: from design, through to
delivery and testing. Malays ] Med Sci. (2012) 1:251-64. doi: 10.1007/978-94-007-4543-8_11

20. Acosta A, Norazmi MN, Hernandez-Pando R, Alvarez N, Borrero R, Infante JF,
et al. The importance of animal models in tuberculosis vaccine development. Med |
Malaysia. (2011) 18:5-12.

21. Moore ML, Stokes KL, Hartert TV. The impact of viral genotype on pathogenesis
and disease severity: respiratory syncytial virus and human rhinoviruses. Curr Opin
Immunol. (2013) 25:761-68. doi: 10.1016/j.c0i.2013.09.016

22. Pandya MC, Callahan SM, Savchenko KG, Stobart CC. A contemporary view of
respiratory syncytial virus (RSV) biology and strain-specific differences. Pathogens.
(2019) 8:67. doi: 10.3390/pathogens8020067

23. Naqvi STQ, Yasmeen M, Ismail M, Muhammad SA, Nawazish-i-Husain S, Ali A,
et al. Designing of potential polyvalent vaccine model for respiratory syncytial virus by
system level immunoinformatics approaches. BioMed Res Int. (2021) 1):1-18.
doi: 10.1155/2021/9940010

24. Nezafat N, Ghasemi Y, Javadi G, Khoshnoud MJ, Omidinia E. A novel multi-
epitope peptide vaccine against cancer: an in silico approach. | Theor Biol. (2014)
349:121-34. doi: 10.1016/j.jtbi.2014.01.018

25. Singh H, Raghava G. ProPredl: prediction of promiscuous MHC Class-I binding
sites. Bioinform. (2003) 19:1009-14. doi: 10.1093/bioinformatics/btg108

26. Bui H-H, Sidney J, Li W, Fusseder N, Sette A. Development of an epitope
conservancy analysis tool to facilitate the design of epitope-based diagnostics and
vaccines. BMC Bioinform. (2007) 8:361. doi: 10.1186/1471-2105-8-361

27. Tamura K, Stecher G, Kumar S. MEGA11: molecular evolutionary genetics
analysis version 11. Mol Biol Evol. (2021) 38:3022-27. doi: 10.1093/molbev/msab120

28. Li Y, Long F, Yang C, Hao X, Wu J, Situ J, et al. BALB/c mouse is a potential
animal model system for studying acute and chronic genotype 4 hepatitis E virus
infection. Front Microbiol. (2020) 1:1156. doi: 10.3389/fmicb.2020.01156

29. Zafar S, Bai B, Guo J, Muhammad SA, Naqvi STQ, Shabbir MN, et al.
Experimental study of potential CD8+ Trivalent synthetic peptides for liver cancer
vaccine development using sprague dawley rat models. BioMed Res Int. (2022) 2022:1-
18. doi: 10.1155/2022/4792374

30. Lee G-H, Kim K, Jo W. Stress evaluation of mouse husbandry environments for
improving laboratory animal welfare. Animals. (2023) 13:249. doi: 10.3390/ani13020249

31. Solanki KS, Qureshi S, Kumar P, Sahoo M, Saminathan M, De U, et al. Patho-
physiological response of LPS defective Brucella abortus SI9Aper in experimentally
infected mice. ] Anim Res. (2019) 9:79-85. doi: 10.30954/2277-940X.01.2019.11

32. Said NM, Abiola O. Haematological profile shows that inbred Sprague Dawley
rats have exceptional promise for use in biomedical and pharmacological studies. Asian
] Biomed Pharm Sci. (2014) 4:33-7. doi: 10.15272/ajbps.v4i37.597

33. Corrales-Aguilar E, Trilling M, Reinhard H, Falcone V, Zimmermann A, Adams
O, et al. Highly individual patterns of virus-immune IgG effector responses in humans.
Med Microbiol Immunol. (2016) 205:409-24. doi: 10.1007/s00430-016-0457-y

34. Agallou M, Athanasiou E, Koutsoni O, Dotsika E, Karagouni E. Experimental
validation of multi-epitope peptides including promising MHC class I-and II-restricted
epitopes of four known Leishmania infantum proteins. Front Immunol. (2014) 5:268.
doi: 10.3389/fimmu.2014.00268

35. Dhanda SK, Vir P, Raghava GP. Designing of interferon-gamma inducing MHC
class-1II binders. Biol Direct. (2013) 8:1-15. doi: 10.1186/1745-6150-8-30

36. Zoghroban HS, Elmansory BM, Issa YA, Eltokhy AK, Safia HSA, El Maghraby
GM, et al. Novel insights on the therapeutic effect of levamisole on the chronic

Frontiers in Immunology

20

10.3389/fimmu.2024.1349749

toxoplasmosis in mice model. Exp Parasitol. (2023) 248:108515. doi: 10.1016/
j.exppara.2023.108515

37. Boyoglu-Barnum S, Gaston KA, Todd SO, Boyoglu C, Chirkova T, Barnum TR,
et al. A respiratory syncytial virus (RSV) anti-G protein F (ab’) 2 monoclonal antibody
suppresses mucous production and breathing effort in RSV rA2-linel9F-infected
BALB/c mice. ] Virol. (2013) 87:10955-67. doi: 10.1128/jvi.01164-13

38. Gauger PC, Vincent AL. Serum virus neutralization assay for detection and
quantitation of serum-neutralizing antibodies to influenza A virus in swine. Anim
Influenza Virus. (2014) 1161:313-24. doi: 10.1007/978-1-4939-0758-8_26

39. Boyoglu-Barnum S, Chirkova T, Todd SO, Barnum TR, Gaston KA, Jorquera P,
et al. Prophylaxis with a respiratory syncytial virus (RSV) anti-G protein monoclonal
antibody shifts the adaptive immune response to RSV rA2-linel9F infection from Th2
to Th1 in BALB/c mice. J Virol. (2014) 88:10569-83. doi: 10.1128/jvi.01503-14

40. Andargachew R, Martinez R], Kolawole EM, Evavold BD. CD4 T cell affinity
diversity is equally maintained during acute and chronic infection. J Immunol. (2018)
201:19-30. doi: 10.4049/jimmunol.1800295

41. Boyoglu-Barnum S, Todd SO, Chirkova T, Barnum TR, Gaston KA, Haynes LM,
et al. An anti-G protein monoclonal antibody treats RSV disease more effectively than
an anti-F monoclonal antibody in BALB/c mice. Virol. (2015) 483:117-25.
doi: 10.1016/j.virol.2015.02.035

42. Roe MK, Perez MA, Hsiao H-M, Lapp SA, Sun H-Y, Jadhao S, et al. An RSV live-
attenuated vaccine candidate lacking G protein mucin domains is attenuated,
immunogenic, and effective in preventing RSV in BALB/c mice. ] Infect Dis. (2023)
227:50-60. doi: 10.1093/infdis/jiac382

43. Lau H, Khosrawipour V, Kocbach P, Mikolajczyk A, Schubert ], Bania J, et al.
The positive impact of lockdown in Wuhan on containing the COVID-19 outbreak in
China. J Travel Med. (2020) 27:taaa037. doi: 10.1093/jtm/taaa037

44. Gasteiger E, Hoogland C, Gattiker A, Duvaud SE, Wilkins MR, Appel RD, et al.
Protein identification and analysis tools on the ExPASy server. Humana Press Inc.,
Totowa, NJ: Springer (2005).

45. Kaler J, Hussain A, Patel K, Hernandez T, Ray S. Respiratory syncytial virus: A
comprehensive review of transmission, pathophysiology, and manifestation. Cureus.
(2023) 15:€36342. doi: 10.7759/cureus.36342

46. Walsh EE, Péerez Marc G, Zareba AM, Falsey AR, Jiang Q, Patton M, et al.
Efficacy and safety of a bivalent RSV prefusion F vaccine in older adults. N Engl ] Med.
(2023) 388:1465-77. doi: 10.1056/NEJMo0a2213836

47. Andreano E, Paciello I, Bardelli M, Tavarini S, Sammicheli C, Frigimelica E, et al.
The respiratory syncytial virus (RSV) prefusion F-protein functional antibody
repertoire in adult healthy donors. EMBO Mol Med. (2021) 13:e14035.
doi: 10.15252/emmm.202114035

48. Dalsass M, Brozzi A, Medini D, Rappuoli R. Comparison of open-source reverse
vaccinology programs for bacterial vaccine antigen discovery. Front Immunol. (2019)
10:113. doi: 10.3389/fimmu.2019.00113

49. Sigal LJ. Activation of CD8 T lymphocytes during viral infections. In:
Encyclopedia of immunobiology (2016). p. 286-90. doi: 10.1016/B978-0-12-374279-
7.14009-3

50. Salti SM, Hammelev EM, Grewal JL, Reddy ST, Zemple S], Grossman W], et al.
Granzyme B regulates antiviral CD8+ T cell responses. ] Immunol Res. (2011) (USA:
Elsevier) 187:6301-09. doi: 10.4049/jimmunol.1100891

51. McKinnon KM. Flow cytometry: an overview. Curr Protoc Immunol. (2018)
120:5.1.1-11. doi: 10.1002/cpim.40

52. McGinnes Cullen L, Luo B, Wen Z, Zhang L, Durr E, Morrison TG. The
Respiratory Syncytial Virus (RSV) G protein enhances the immune responses to the
RSV F protein in an enveloped virus-like particle vaccine candidate. J Virol. (2023) 97:
€01900-22. doi: 10.1128/jvi.01900-22

53. Syed YY. Respiratory syncytial virus prefusion F subunit vaccine: first approval
of a maternal vaccine to protect infants. Pediatr Drugs. (2023) 25:729-34. doi: 10.1007/
540272-023-00598-3

frontiersin.org


https://doi.org/10.3389/fimmu.2021.712488
https://doi.org/10.1038/nri3084
https://doi.org/10.1007/978-94-007-4543-8_11
https://doi.org/10.1016/j.coi.2013.09.016
https://doi.org/10.3390/pathogens8020067
https://doi.org/10.1155/2021/9940010
https://doi.org/10.1016/j.jtbi.2014.01.018
https://doi.org/10.1093/bioinformatics/btg108
https://doi.org/10.1186/1471-2105-8-361
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.3389/fmicb.2020.01156
https://doi.org/10.1155/2022/4792374
https://doi.org/10.3390/ani13020249
https://doi.org/10.30954/2277-940X.01.2019.11
https://doi.org/10.15272/ajbps.v4i37.597
https://doi.org/10.1007/s00430-016-0457-y
https://doi.org/10.3389/fimmu.2014.00268
https://doi.org/10.1186/1745-6150-8-30
https://doi.org/10.1016/j.exppara.2023.108515
https://doi.org/10.1016/j.exppara.2023.108515
https://doi.org/10.1128/jvi.01164-13
https://doi.org/10.1007/978-1-4939-0758-8_26
https://doi.org/10.1128/jvi.01503-14
https://doi.org/10.4049/jimmunol.1800295
https://doi.org/10.1016/j.virol.2015.02.035
https://doi.org/10.1093/infdis/jiac382
https://doi.org/10.1093/jtm/taaa037
https://doi.org/10.7759/cureus.36342
https://doi.org/10.1056/NEJMoa2213836
https://doi.org/10.15252/emmm.202114035
https://doi.org/10.3389/fimmu.2019.00113
https://doi.org/10.1016/B978-0-12-374279-7.14009-3
https://doi.org/10.1016/B978-0-12-374279-7.14009-3
https://doi.org/10.4049/jimmunol.1100891
https://doi.org/10.1002/cpim.40
https://doi.org/10.1128/jvi.01900-22
https://doi.org/10.1007/s40272-023-00598-3
https://doi.org/10.1007/s40272-023-00598-3
https://doi.org/10.3389/fimmu.2024.1349749
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Experimental trials of predicted CD4+ and CD8+ T-cell epitopes of respiratory syncytial virus
	1 Introduction
	2 Materials and methods
	2.1 Ethical approval
	2.2 Retrieval and screening of RSV proteomic data
	2.3 Prediction and screening of T-cell epitope
	2.4 Conservation analysis of predicted epitopes
	2.5 Synthesis of peptides
	2.6 Dose optimization
	2.7 Immunization of mice model
	2.8 Collection of blood samples
	2.9 Hematological assays
	2.10 Immunoassays
	2.10.1 IgG ELISA assays
	2.10.2 IFN-&gamma; ELISA assay
	2.10.3 Granzyme-B assay

	2.11 Disease model preparation: mice challenging with the A2l19f virus
	2.12 Neutralizing antibody assay
	2.13 Stimulation of splenocytes with RSV CD4+- and CD8+-specific peptides
	2.14 Evaluation of the lung viral load
	2.15 Statistical analyses

	3 Results
	3.1 Retrieved proteomic data
	3.2 Predicted CD4+ and CD8+ T-cell epitopes
	3.3 Conservational analysis
	3.4 Optimization of dose
	3.5 Hematological assays
	3.6 Immunoassays
	3.6.1 IgG immunoassays
	3.6.2 IFN-&gamma; ELISA assay
	3.6.3 Granzyme B assay

	3.7 Virus neutralization assay
	3.8 Flow cytometry analysis
	3.9 Lung virus load

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


