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Abstract

Background: Canine distemper (CD) is a worldwide spread disease that has been described in 12 families of mammals,
especially in the Carnivora order, being better studied in domestic canines where vaccination represents the best means
of control. CD is controlled by vaccination, but many cases of the disease still occur in vaccinated animals.

Aim: The aim of this work was to study antigen-specific epitopes that can subsidize the development of a new vaccine
approach.

Methods: Mapping of T cell reactive epitopes for CD virus (CDV) was carried out through enzyme-linked immunospot
assays using 119 overlapped synthetic peptides from the viral hemagglutinin protein, grouped in 22 pools forming a
matrix to test the immune response of 32 animals.

Results: Evaluations using the criteria established to identify reactive pools, demonstrated that 26 animals presented at
least one reactive pool, that one pool was not reactive to any animal, and six pools were the most frequent among the
reactive peptides. The crisscrossing of the most reactive pools in the matrix revealed nine peptides considered potential
candidate epitopes for T cell stimulation against the CDV and those were used to design an in-silico protein, containing
also predicted epitopes for B cell stimulation, and further analyzed using immune epitope databases to ensure protein
quality and stability.

Conclusion: The final in silico optimized protein presents characteristics that qualify it to be used to develop a new

prototype epitope-based anti-CDV vaccine.
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Introduction

Canine distemper (CD) is considered an important
threat among the infectious diseases of domestic
canines and some other carnivores, due to its high
mortality and morbidity rates (Elia et al., 2015; Costa
et al., 2019; Sheikh et al., 2021). CD virus (CDV)
is enveloped, single-stranded, negative sense and
nonsegmented-RNA, belonging to the Morbillivirus
genus of the Paramyxoviridae family of viruses (Von
Messling et al., 2003; Costa et al., 2019).

The virus genome comprises six proteins: “N”
(nucleoprotein), “O” (phosphoprotein), “M” (matrix
protein), and “L” (large protein); and two integral
membrane proteins: “H” (hemagglutinin) and “F”
(fusion protein), and the last two proteins are responsible
for the major variabilities and immune system evasions
(Curran et al., 1991, Haas et al., 1997).

Although the vaccine strains from CDV have not
changed in the past 60 years, there is a residual potential
for new antigenic field strains of the virus to emerge

around the world (Kapil and Yeary, 2011). Therefore,
due to the global distribution of the infection and the
enlarged susceptibility of different species, including
humans (Sakai et al., 2013), the necessity to develop
more current, efficient, and safer vaccines to both
protect against and eradicate the virus has increased
(Patel et al., 2012; Ramirez et al., 2021). In Brazil, CD
is an endemic disease involved in both economic and
emotional losses. Although vaccination is stimulated
and performed in domiciled dogs, the stray dog
population in both urban and rural areas is a means
of keeping the virus circulating and mutating (Duque-
Valencia et al., 2019; Yoak et al., 2014).

Whereas vaccination continues to be the main
prophylactic measure against the disease (Rikula et al.,
2007), its failures are common and attributed to both
the vaccine and the host, since it has been observed that
they cannot readily protect against field strains even
when properly applied (Haas et al., 1997). This line
of reason also relies on the fact that variation in the H

*Corresponding Author: Rita de Cassia Carvalho Maia. Department of Veterinary Medicine, Federal Rural University of
Pernambuco, Recife, Brazil. Email: rita.carvalho@ufipe.br
Articles published in Open Veterinary Journal are licensed under a Creative Commons Attribution-NonCommercial 4.0 International License

BY NC

1019


mailto:rita.carvalho@ufrpe.br
http://dx.doi.org/10.5455/OVJ.2024.v14.i4.9
https://orcid.org/0009-0004-0246-7437
https://orcid.org/0009-0007-9146-1767
https://orcid.org/0000-0002-9166-4253
https://orcid.org/0000-0002-8796-6080
https://orcid.org/0000-0001-8140-7299
https://orcid.org/0000-0002-0266-0956
https://orcid.org/0000-0002-1406-6401
https://orcid.org/0000-0001-6765-6686

1020

http://www.openveterinaryjournal.com
C. P. dos Santos et al.

Open Veterinary Journal, (2024), Vol. 14(4): 1019-1028

protein between vaccine and field strains can accentuate
the loss of protection (Nielsen et al., 2012; Findlow et
al., 2020). On the other hand, H protein is considered
a key protein for CDV since it is responsible for virus
adsorption to the host cells through its main receptor,
signaling lymphocyte activation molecule (SLAM or
CD150). Following hemagglutinin interaction with
CD150, leading to virus fusion, pores are formed, and
the RNA complex is injected into the cytosol of the host
cell. This cellular membrane fusion is also important
to cell-to-cell dissemination of the virus, determining
the intensification of the symptoms, suggesting that
an adequate immune response against that protein can
readily prevent an infection from this virus (Martella
et al., 2011; Plattet et al., 2016; Jiang et al., 2019).
Moreover, prevention of CDV epidemics has become
increasingly important since it has been demonstrated
that lethal outbreaks in nonhuman primates could
readily adapt to the use of human SLAM receptors
(Lundegaard et al., 2012).

Peptide-based vaccines are the new-generation target
to deliver vaccines more effectively using identified
peptides from a known epitope to induce a more
efficient immune response against infectious agents
(Lundegaard et al., 2012). Targeting T cell epitopes
in this approach is highly desirable since enhanced T
cell response is crucial for virus clearance, even in the
presence of antibodies, in convalescent dogs (Kiecker
et al., 2004; Miller et al., 2009).

Therefore, in the present study, the epitope mapping of
protein H reactive epitopes recognized by T CD4 and T
CDS8 from CDV was carried out using canine interferon
(IFN) gamma enzyme-linked immunospot (ELISPOT)
to identify target epitopes and propose a putative in
silico vaccine design with enhanced immunogenicity.

Materials and Methods

Population of study

The population of the study comprised 32 dogs of all
ages and breeds from the endemic metropolitan region
of Recife, Pernambuco, Brazil. The exclusion criteria
included animals belonging to any of the following
situations: indication to use anti-CDV serum, presence
of cancer or autoimmune diseases, or undergoing
corticoid or immunossupressive treatment. Blood was
collected from animals and tutors signed the informed
consent form, with accessible language and in duplicate.
Serology

Serology to detect the antibody levels produced by
animals, indicating exposure to CDV antigens, in this
study was performed by immuno-chromatography
using the commercial Anigen Rapid CDV Ab Test®,
Anigen, Animal Genetics, Inc., which detects
qualitative and quantitative anti-CDV IgG antibodies
in the blood, serum, or plasma samples. For each
animal, a total blood sample was used following the
instructions from the manufacturer. The results were
interpreted accordingly, and the titles were classified as

Undetectable or No measurable, Low (1:16), Medium
(1:64), or High (1:128) titer.

Separation of peripheral mononuclear blood cells
(PMBCs)

PMBCs separation was performed using a ficoll-
hypaque gradient (Ficoll Paque PLUS—GE Healthcare
Life Sciences). The blood samples were diluted in
phosphate saline buffer, pH 7.2, sterile, 1:1 ratio.
Afterward, the diluted blood was transferred carefully
to a tube with Ficoll in the same proportion of the
initial blood volume, without mixing them, and was
centrifuged for 30 seconds, at 800 x g. The ring of
PMBCs was transferred to another tube completing
the volume to 15ml, centrifuging again for 5 minutes
at 800 x g. After discarding the supernatant, 1 ml of
ammonium-chloride-potassium (ACK) lysing buffer
was added to lyse the red blood cells for 3 minutes,
homogenizing every minute. Afterward, the volume
was completed to 10 ml using Roswell Park Memorial
Institute (RPMI) medium and centrifuged again for 5
minutes at 800 x g.

The resulting supernatant was discarded and 1mL of
serum-free culture medium (SFM) was added to re-
suspend the pellet. A 100 ul aliquot was added to 900
ul of SFM to quantify and analyze cell viability using
ViCell® (Cellular Viability Analyzer, Biosystems™,
BD). Another 4 ml of SFM was added to the pellet and
the cellular concentration adjusted to 2 x 10° cells/well.
Synthetic peptides

One hundred and nineteen peptides were synthesized
(GenScript® USA Inc.) based on the protein H sequence
from the onderstepoort strain of the CDV (Fig. 1), the
most used strain in Brazilian vaccines. Those were
arranged in 15 mers with overlapping of 10 amino acid
residues, representing a proper stimulus for CD4 and
TCDS cells, considering that the amino acid core of
each peptide is sufficient to fill major histocompatibility
complex (MHC) classes I (8-9-mers) and II (11-15-
mers) clefts (Kiecker et al., 2004). The peptides were
diluted in 10% DMSO to a final concentration of 10
ul/ml. Subsequently, those peptides were grouped in
pools and combined into a matrix (11 % 11) to ensure
that each peptide must be present in two different pools
(Chart 1) (Roederer and Koup, 2003), thus allowing the
deduction of the likely immunogenic peptides.

IFN-y ELISPOT

The IFN-y ELISPOT assays were performed using the
Canine IFN-gamma ELISpot kit, from R&D Systems,
Inc, as described in the protocol below. The wells
were filled with 200 pl of sterile culture medium and
incubated for 20 minutes at room temperature. After
removing the medium, 100 pl of RPMI with the peptides
and 100 pl of either cells or controls were added to each
well. Phorbol 12-myristate 13-acetate (PMA) with
ionomycin and cells was used as a positive control, and
cells alone were used as negative controls. The plates
were incubated in a CO, humidifier incubator at 37°C,
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Fig. 1. Sequence, one letter coded, of canine distemper virus protein H. Fonte: http://www.ncbi.nlm.
nih.gov/protein/BAF03641.1.

Chart 1. Matrix of individual peptides in pools from canine distemper virus protein H.

Pool 1 2 3 4 5 6 7 8 9 10 11
12 1-15 620 1125 1630 2135 2640 3145 3650 4155 4660  51-65

13 5670 6175 6680 7185 7690 8195 86100 91-105 96-110 101-115 106-120
14 111-125 116-130 121135 126-140 131-145 136-150 141-160 146-160 151-165 156-170 161-175
15 166-180 171-185 176-190 181-195 186-200 191-205 196-210 201-215 206-220 211-225 216-230
16 221-235 226240 231-245 236-250 241-255 246260 251-265 256-270 261-275 266-280 271-285
17 276290 281-295 286-300 291-305 296-310 301-315 306-320 311-325 316-330 321-335 326-340
18 331345 336-350 341-355 346-360 351365 356-370 361-375 366-380 371-385 376-390 381-395
19 386400 391-405 396410 401-415 406420 411-425 416430 421-435 426440 431-445 436-450
20 441-455 446-460 451-465 456-470 461-475 466480 471485 476490 481495 486-500 491-505
21 496510 501-515 506-520 511-525 516-530 521-535 526-540 531-545 536-550 541-555 546-560
22 551565 556-570 561-575 566-580 571-585 576-500 581-595 586-600 591-604 [

overnight. Each well was drained and washed with a
washing buffer (250-300 pl) four times by blot drying.
Subsequently, 100uL of detection antibody was added
to each well and the plate was incubated at 2°C to
8°C, overnight. The following washes were performed
as described above and followed by the addition of
100 pl of diluted streptavidin alkaline phosphatase
(AP) to each well and incubated for 2 hours at room
temperature. The washes were performed as before. The
BCIP/NBT chromogen was added to each well (100
pl) and incubated for one hour at room temperature,
protected from light. The chromogen solution was
discarded from the microplates and those were washed
with deionized water and blot dried. After removing the
flexible plastic drain from the bottom of the plate, and
cleaning the plate completely using a paper towel, the
plates were dried at 37°C for 15-30 minutes. Finally,
the plate was read using the immunospot series 3B
analyzer ELISPOT (Cellular Technologies Ltd., Shaker
Heights, OH) with the software immunospot version
3.0 (Cellular Technologies Ltd).

Screening of immunogenic peptides

The immunogenicity of the CDV H protein peptides
was determined by IFN-y ELISPOT performed ex vivo
using peripheral blood mononuclear cells (PBMCs)
from volunteers. The statistical criteria for identifying
the reactive pools of peptides was based on the
combination of the following equations (de Melo et al.,
2013):

Mean of the number of spots (peptides) minus 2 times
the standard deviation > mean of the number of spots
from the negative control;

Mean of the number of spots > mean of the number of
spots from negative control plus 2 times the standard
deviation;

Mean of the number of spots minus the mean of number
of spots from negative control > 10.

In silico protein design

The in silico protein design was based on the sequences
of the nine epitopes indicated as most reactive for T
cells by the ELISPOT assay from the CDV envelope
protein H (Table 1). To complete the design, predicted
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Table 1. Sequence of protein H peptides from canine distemper virus considered potential candidates of T cell epitopes using IFN-y

ELISPOT assay.
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epitopes for B cells obtained from the original H
protein sequence were added, in addition, to insert
sequences to ensure protein stability. The protein
analysis was initially performed in the Immune Epitope
and Database and Analysis Resources (https://www.
iedb.org/), and furthermore, the sequences were studied
using the Database from http://imed.med.ucm.es/Tools/
index.html.

Ethical approval

The present work has been approved by the Animal
Ethics Committee from the Federal Rural University
of Pernambuco (UFRPE number 44/2014) and was
performed in line with the principles of the Declaration
of Helsinki.

Results

Serology

The production of antibodies in vaccinated dogs was
accessed to demonstrate that the response to the CDV
antigen was detectable and to demonstrate that the
presence of antibodies alone may not be a guarantee of
T cell activation and protection. The results showed that
in the serological profile from the studied population,
84.4% (27/32) of the dogs showed medium antibody
titer levels (1:64—1:16), 9.36% (3/32) showed a low
antibody titer (1:16), 3.12% (1/32) showed high titer
(1:64), and 3.12% (1/32) did not show any measurable
titer (Table 2).

IFN-y ELISPOT

Our results showed that eight animals presented
reactivity to only one pool of peptides and eighteen
animals showed reactivity for more than two pools,
amongst those, one animal showed reactivity of 17
from the 22 pools analyzed. Six animals excluded from
this study presented reactivity below those criteria in all
pools. The identification of reactive pools following the
aforementioned criteria allowed the verification of the
frequency in which those pools appear in the studied
population, and that one pool (11) showed no reactivity
in any assay (Table 3).

Table 2. Antibody levels of dogs vaccinated against canine
distemper.

Antibody titer levels Percentage of dogs
Low (1:16) 9.4%
Medium (1:64) 84.4%
High (1:128) 3.1%
No measurable titer 3.1%

Table 3. Frequency of pools showing reactivity for the
studied population.

Number of positive

Pool animals Frequency (%)
2,10 1 3.85
8,12, 19 2 7.69
6,20 3 11.54
17, 18 4 15.38
1,7,14, 16 5 19.23
3,9,15 6 23.08
5,13 7 26.92
2,21 8 30.77
22 10 38.46
4 13 50

Using the cutoff at 25% to identify the most frequent
pools in the present study, six pools of peptides were
identified: 2, 4, 5, 13, 21, and 22. The intersection of
those pools revealed nine peptides (13, 15, 16, 101,
103, 104, 112, 114, and 115) considered the strongest
candidates for T cell epitope activation (Chart 2). The
sequences from those peptides are shown in Table 1.
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Chart 2. Most reactive pools after statistics (crosshatched) and peptides considered potential candidates to T cell epitopes (gray).

Pool 1 2 3 4 5 7 8 9 10 1
12 1 2 3 4 5 8 9 10 11
e o B o« e 18 19 20 21 o)
14 23 24 25 5% 27 28 29 30 31 32 33
15 34 35 36 37 38 39 40 41 ) 43 44
16 45 46 47 48 49 50 51 52 53 54 55
17 56 57 58 59 60 61 62 63 64 65 66
18 67 68 69 70 71 7 73 74 75 76 77
19 78 79 80 81 82 83 84 85 86 87 88
20 89 90 91 92 93 94 95 9 97 98 99
21 100 101 102 103 104 105 106 107 108 109 110
7 11 12 13 114 115 116 117 118 119

Protein design

The selected epitopes were then used to construct an
artificial chimerical protein. The chimerical protein
has as core the selected epitopes surrounded by amino
acid residues (C and/or N terminals) found at the
original protein sequence and spaced by nonantigenic/
immunogenic amino acids whose sequences were
exclusively defined for the chimerical protein presented
here. The protein in silico optimization analyzes
were performed using the specific programs for each
evaluated parameter (Fig. 2). The candidate protein
design generated a product under the Patent number
BR102022013555-0.

Analyzing the putative protein for its immunogenicity,
such as antigen binding sites (Fig. 3) and sequences of
antigenic determinants in the protein with their initial
and final positions (Fig. 4). Moreover, as a relevant
part of the immune defense process for the eventual
construction of an effective vaccine and for detection
of antibodies when developing a diagnostic test, the
protein has binding and recognition sites for B cells,
replicated from the original protein, which produces
antibodies, as demonstrated in the Figure 5, which
shows both the regions, and their sequences present in
the putative protein.

Discussion

The present work aimed to determine the epitope
mapping of T cell immune response against CDV
elicited in dogs from the city of Recife, Brazil, and
study a in silico vaccine candidate. Previous studies
for the identification of relevant epitopes of this agent
were performed for the nucleocapsid, phosphoprotein,
or fusion proteins (Dean et al., 2004). The virus binding
factor, the H protein from the Onderstepoort strain, was
chosen in this article to be mapped based on previous
studies which demonstrated that this polymer has an
important role in the cellular immune stimulus, since

it controls host specificity and cellular tropism, in
addition to induce the majority of CDV neutralizing
antibodies (Von Messling et al., 2003; Kapil and Yeary,
2011).

Among the tools commonly used in the search for
epitopes the ELISPOT offers many advantages related to
direct ex vivo immune diagnostic monitoring, allowing
automation and high throughput screening of data,
presenting faster results (Anthony and Lehmann, 2003;
Lehmann and Zhang, 2012). It also has the advantage
over traditional assays (such as flow cytometry) with
the possibility of faster, cheaper, and more sensible
results for direct quantification of effector cells (Letsch
and Scheibenbogen, 2003; Schwarz et al., 2022).

The animals enrolled in this study were immunized at
least once in their lives and at least one month before
the blood draw. The vaccines were live modified
(Nobivac®Canine, MSD Satide Animal; Vencomax®,
Laboratorios Vencofarma do Brasil, LTDA; Vanguard
Plus®, Laboratorios Pfizer Ltda; Bio Max®, Lema Injex
Biologic) or recombinant vaccines (Recombiteck®C6/
CV, Merial Inn) mostly raised against the onderstepoort
strain of CDV. The interval between the vaccination and
the blood draw to obtain the PMBCs to be used in the
ex vivo proliferation assays is crucial to detect the T cell
activity (Ghosh et al., 2001), ergo, it is understandable
that a previous immune stimulation with this virus is an
interesting parameter to perform the IFN-y ELISPOT
assay. Since the IFN-y is not expressed in peripheral
blood leukocytes in dogs with CD (Beineke et al.,
2009), when using this technique, our results conveyed
faithfully the quantification of T cell activation that
recognizes the immunogenic peptides.

In the present work, IgG titers were determined against
CDV to confirm the stimulation of B cells against the
virus in vaccinated animals. Monti (2004) describes that
most of the authors determine 1:100 as a satisfactory
titer to protect against infection. In our study, only one
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riitk GRPDFLRIECFVWDIifBliC FVWDDNLWCHQF YRIfiiDNLWCHQF YRFEADIansttsv

Fig. 2. Chimerical protein in silico designed. Green—amino acids contained in the sequence of the original protein that is
not part of the selected peptides; Underlined—identified epitopes that favor T cell response; Red—nonantigenic/immunogenic
spacer amino acid residues; Bold—selected epitopes that favor B cells.
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Fig. 3. Demonstrate the average antigenic propensity binding sites of the putative protein.

In |Start Position Sequence End Position
1 15 FSRLLKIIFPIISRL 29

12 37 SEAVHIIFPI 48
3 53 SEAVHHQVIDVLTPLINIWW 72

4 80 RDRDVLIESNIVVLPTIIFPIIVVLPTQSIRYVIATYIIFPIQSIRYVIATY 132

s 136 RSDHAIVINWW 147

8 157 DFLRIECFVYWODIIFPICFVW 177
7 180 NLWCHQFYRIIFPIIDNLWCHQFY 203

Fig. 4. Sequences of antigenic determinants in the protein with their initial and final positions.

animal showed titers above 1:100 (1:128). Interestingly,
25 animals presented antibody titers below 1:100,
and only one animal, although immunized one month
before the test, did not show any measurable levels
of antibody, but all of them were positive to at least
one pool of peptides. These findings demonstrate the
importance of the cellular immune response in CD even
in the absence of humoral immunity (Diallo, 1990).

On the other hand, animals (number 6) that did not
present reactivity to any pool and were excluded from
this study, exhibited a medium titer of antibodies
(between 1:16 and 1:64). Moreover, analysis of the
high background seen on their 96-well plate indicated
that they probably had elevated nonspecific immune

response, low cellular viability or no specific response
(de Souza, 2011). This result shows that the vaccine’s
ability to elicit antibody productions does not guarantee
T cell stimulation, essential for virus immune defense.
It has also been observed in this study that six peptide
pools were recognized by CD4 and CD8 containing-
cell cultures, which could suggest that those epitopes
can be recognized by either T cell subset, just as Dean
et al. (2004) demonstrated when performing the epitope
mapping for the feline immunodeficiency virus. In the
present work, we present nine peptides originating from
six different pools identified as potential T cell epitope
candidates (Chart 2) for a new protein with enhanced
immunogenicity.
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Fig. 5. B cell binding and recognition sites maintained from the original H protein and present in the putative protein.

The strategy of using peptide-based in silico-designed
vaccines is highly desired due to some features
which can be cited as safety, lacking both infectious
and allergenic agents, low cost for production,
storage, and transportation, and in many cases
single-peptide immune stimulation, and in addition,
considering the extensive amount of epitope databases
existing nowadays, it has become easier to predict
immunogenicity, processing and recognition, even
protease degradation sites (Soria-Guerra et al., 2015;
Garcia-Machorro et al., 2022).

As the proposal is based on the design of a structure
that favors the binding site with T cells, Figure 6 shows

the best binding sites for this protein with MHC class
I of host cells, and although the figure shows only the
first twelve possible binding sites for recognition of the
protein, the program’s analysis showed some dozens of
possible sites. This in silico analysis demonstrates the
putative protein’s potential to elicit specific responses
from T and B lymphocytes against distemper virus H
protein-specific sequence.

Therefore, our findings describe new data presented
here by the epitope mapping of protein H from the
CDV virus recognized by T CD4 and CDS8 lymphocytes
in a cohort of individuals using the IFNy ELISPOT
technique, culminating with a protein design candidate
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Input Sequences
Sequence
1|ws- TGVRFHQVSTSNMEFSRLLKIIFPIISRLLKEDMEKSEAVHIIFPIIEDMEKSEAVHHQVIDVLTPLIII
separated- | WWFFFTSQIRDRDVLIESNIVVLPTIIFPIIVVLPTQSIRYVIATYIIFPIQSIRYVIATYDISRSDHAIVI
0 Ir!l‘g'}w‘l":SR TTKGRPDFLRIECFVWDIIFPICFVYWDDNLWCHQFYRIIFPIIDNLWCHQFYRFEADIA
NetMHCpan allele distance (2
Input Allele Closest Allele Distance
DLA-8803401 DLA-8803401 0.000
DLA-8850101 DLA-8850101 0.000
DLA-8850801 DLA-8850101 0.197
Prediction method: NetMHCpan EL 4.1 | High Score = good binder
Citations |
s ; — B entic PO ercentiie R
DLA-8850101 | 1 21 29 9 IIFPIISRL IIFPIISRL | IIFPIISRL 0.973611 0.01
DLA-8850101 | 1 189 197 9 IIFPIIONL TIFPTIONL | IIFPIIONL 0.956878 001
DLA-8850101 | 1 17 125 9 IIFPIIQSI ITIFPIIQSI | IIFPIIQSI 0.932163 0.01
DLA-8850101 | 1 59 67 9 QVIDVLTPL QVIDVLTPL | QVIDVLTPL 0.847505 0.01
DLA-8850101 | 1 96 104 9 IIFPIIVVL IIFPIIVVL | IIFPIIVVL 0.806638 0.02
DLA-8803401 | 1 21 29 9 IIFPIISRL ITFPIISRL | IIFPIISRL 08024 0.03
DLA-8850101 | 1 42 50 9 IIFPIIEDM IIFPIIEDM | IIFPIIEDM 0.768163 0.03
DLA-8850801 | 1 21 29 9 IIFPIISRL IIFPIISRL | IIFPIISRL 0.754673 0.02
DLA-8850801 | 1 17 125 9 IIFPIIQSI IIFPIIQSI | IIFPIIQSI 0.679251 0.06
DLA-8850101 | 1 20 29 10 KIIFPIISRL KIIPIISRL | KIIFPIISRL 0.677015 0.07
DLA-8850801 | 1 20 28 9 KIIFPIISR KIIFPIISR | KIIFPIISR 0.662748 0.06
DLA-8850601 | 1 189 197 9 IIFPIIONL IIFPIIONL | TIFPIIONL 0636561 008

Fig. 6. Best binding sites for the putative protein with the MHC class I of host cells.

to promote the development of a safer, long-lasting
and with minimal side effects vaccine against the CDV
virus.

Conclusion

The identification of important CDV epitopes for T
cell stimulation brought by this article can guide the
development of new antigenic targets based on selected
T cell epitopes using the ELISPOT assay for IFN-y.
The identification of nine candidate peptides from
the H protein of CDV was further studied in silico to
elicit stronger and more specific immune responses by
overcoming subdominant epitopes within conserved
sequences, avoiding the presence of inhibitor epitopes
and thus allowing even the combination of multiple
epitopes from different proteins to generate protection
from the pathogen and proposing the design of a protein
as a vaccine candidate.
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