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Abstract Background: The spread of coccidiosis in poultry has been accompanied

by challenges in control and treatment, such as resistance to repeated treatments used in the
field, and limited immunity due to antigenic diversity, which prompted researchers to adopt
the concept of immunogenic antigens. Objectives: To generate a vaccine using computational
methods to create broader immunity against mixed infections and longer-lasting immunity to
control them. Methods: Using bioinformatics design techniques to provide the highest and
most comprehensive level of protection against coccidiosis, the current project introduced the
19 kDa sporozoite antigen as an immunogenic protein genetically conserved among Eimeria
species to design a multi-antigen vaccine. Bioinformatics tools were used to generate avaccine
antigen with a total of 18 antigens (B cells, cytotoxic T cells, and high-density T cells)
consisting of 274 amino acids. Outcome: The reconstituted vaccine was physically and
chemically evaluated, and binding to TLR15 and TLR4 was achieved. Dynamic
immunological simulations were performed, using results from immunological compounds
and molecules, including antigen levels of 700,000/ml and 500,000/ml, INFy about 4,75,000
ng/ml, and enhanced T and B cell proliferation to produce 1gG (30,000/ml). Conclusion: The
results of the vaccine design and evaluation simulations were acceptable expectations, and

further in vivo experiments are needed to confirm the vaccine's defensive efficacy.
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Introduction

One of the most important diseases affecting the
poultry sector is coccidiosis, which is widespread in large
areas of the world, causing significant production losses
of upto $11 billion (1). The causative agent of the disease
is a protozoan parasite called Eimeria that invades the
intestines of chickens with host specificity (2).
Coccidiosis is often reported to be caused by more than
one species include E. acervulina, E. brunetti, E. maxima,
E.imitis, E. mivati, E. necatrix, E. praecox, and E. tenella
(3). Rapid multiplication of the parasite within a certain
area of the intestine leads to severe effects(4). Oocyst
developmentand formation of infective sporozoites in the
fecalenvironment (5). Diagnosis is based on direct smear
and flotation, and there is a need for molecular and
immunological methods to identify the species and their
importance in proving the virulence of the oocysts (6).
Control plans suffer from resistance to anticoccidial
drugs, and thusthe veterinarian fails to control successive

production cycles within the rearing area (7). The most
conservative and immunogenic antigens such as 3-1E,
Etcab, EtROP35 and the 19 kDa sporozoite antigen which
are profilin-like protein present in the cytoplasm of most
eukaryotic organisms and appear in sporozoites and
merozoites in the developmental stages of the parasites,
stimulate interferon-gamma, hormones and cellular
immunity for experimental studies which functionally
interfere with actin polymerization and cause blocking of
parasite invasion of epithelial cells and limiting the
shedding of oocysts (8). Field studies to control
coccidiosis have implemented shuttle treatment programs
that recommend switching treatments at successive
intervals to avoid resistance and thus increase costs,
which makes control attempts fail and return to the
preference for the idea of vaccination (9-10). Veterinary
research institutions continue to support the idea of
preferring vaccination against local strains with the
development of broad-spectrum immunity to avoid


https://qjvms.qu.edu.iq/
mailto:Noor.jarad@qu.edu.iq
https://orcid.org/0000-0003-3647-266X

"fn“"“"h"'ﬂu

w\Al-Qadisiyah J. Vet. Med. Sci. 2025; 24 (2). 10.29079/qgjvms.2025.160830.1092

ISSN P: 1818-5746
E: 2313-4429

HLLERTIN AT —

therapy resistance and reduce economic costs and use it
in an attempt to enter the field of biotechnological
vaccines.

Methodology

Ethical Approval
The present study was conducted according to the
standards for animal care and use and was approved by
the Ethical Committee at University of Al-Qadisiyah
(N0.1890 in 28-08-2023).

The study was conducted on a multi-genotype vaccine
against coccidiosis based on bioinformatics protocolk
from previous research methods (11-12):

The retrieval of protein sequences: sporozoite antigen
is belong to "Profilin liked protein” of many species
reported in NCBI https://www.ncbi.nlm.nih. gov/protein
and identify many sequence alignment for conserved
level among different Eimeria spp.
https://www.genome.jp/tools-bin/clustalw.
Antigenicity, toxicity and allergist properties of
protein: The antigenic propensity of the protein The
antigenic readiness of a protein is determined by
https://www.ddgpharmfac.
net/vaxijen/VaxiJen/Vaxilen.htmltoxicityhttps://webs.iii
td.edu.in/raghava/toxinpred/ and  allergy score
https://www.ddg-pharmfac.net/AllerTOP/method.html.
Transmembrane domains predicated by TMHMM server
https://services.healthtech.dtu.dk/  servicess TMHMM-
2.0/, the solubility value greater than 0.45 is predicted to
have a higher solubility https://protein-
sol.Manchester.ac.uk/ (13-14).

B cell , TCL and HTL epitopes prediction: A sequences
prediction of assembly vaccine by use
http://tools.iedb.org/mhci, the lack of data currently
available in the immunoinformatics tool for chicken
alleles that bind to the MHC1 and MHC2 epitopes, it's
used a human options that related to the MHC1 and
MHC?2 epitopes as similar to (15) ,B cell epitopes that
stimulate the antibodies responses (16).

Assembly of multi-epitopes vaccine: to build the final
structure of the vaccine, (CD4)HTL epitopes were linked
by GPGPG,(CD8)CTL epitopes were linked by AAY,
andB-cell epitopes linked by KK during perpetrated a
vaccine and a design of the chemical structure. The
linkers support the flexibility of the peptides making up
the vaccine, giving it greater stability, if added an
adjuvant may o the vaccine as enhance the
immunogenicity of a multi-epitope vaccine(17).
Antigenicity, Allergencity, physicochemical
properties of the constructed vaccine: as same the
previous steps of the protein analysis https://www.ddg-

https://www.ddg-pharmfac.net/AllerTOP/method .html,
protein —sol server to find solubility https://protein-
sol.manchester.ac.uk/ , ProtParam 53 web server of the
(EXPASY) system and forcalculate the numberof amino
acids of the vaccine, molecular
weight(kDa),hydropathicity, half-life, instability, Gravy
and aliphatic index https://web.expasy. org/protparam/.
Secondary structure of the constructed protein: The
focusdirected towards the localized folding patterns that
forms inside certain regions of the protein sequence
designed by NetSurfP-3.0 server as helical, sheets, and
loops important aspect in protein architecture.
http://www.proteus2.ca/proteus2/Result.do?1D=0794877
is a server for analysis the proportions of the secondary
protein structure, such as prediction of a helix, B-strand,
and coils(18).

3D structure prediction, validationand refinement of
the constructed protein: https:// SWISS
model.expasy.org/ server was designed 3D-structural
from the PDB format and refinement of the structural
building(Waterhouse et al.,2018). The predicted 3D
structure was refined quality and of the vaccine protein
and lead to made five protein structural models resulting

from related on  https://galaxy.seoklab.org/cqi-
bin/submit.cqi?type=REFINE and using the
Ramachandran plot of the procheck server

https://www.ebi.ac.uk/thornton-srv/databases/pdbsum/
for recognize a residuals of the different regions of
favorable, unfavorable, acceptable, or low, whether
allowed or not,

The docking of the constructed protein: The Toll-like
receptors is a molecular linking in birds involved in the
development of the immune response to various
pathogens such as Eimeria infection(20-24). Molecular
docking predicts the molecular interaction between
receptor and ligand to demonstrate the stability and tight
affinity of their docked complex using Molecular
Operating Environment software (25).

Molecular dynamics simulation of the constructed
vaccine: The C-ImmSim online server is immunological
computing tool rely on http://kraken.iac.rm.cnr.it/C-
IMMSIM, C-ImmSim refers to determine the behavior of
the immune system, that documenting in the many plots
format(26). For user can be input designed vaccine data
and simulation running, then evaluate the findings for
considered as a important tool of the immunity
prediction.

In silico, cloning and optimization of vaccine
sequence: the manufactured vaccine may be add them to
PET-28b(+) vector and design a
https://en.vectorbuilder.com/design /[pRP_Exp.html (27).

pharmfac.net/  vaxijen/Vaxilen/VaxiJen.html and
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Results

The retrieval of protein sequences:

The design was carried out by reviewing a set of proteins
reported for the parasite in the previous studies included
19kda sporozoite antigen(AAW31899.1) of Eimeria asan
immunogenic antigen available among Eimeria spp. of
the stages of development inside a chicken. An
evolutionary tree was designed for comparison among
samples documented in NCBI web as shown in figure 1.

9profilin [ Toxoplasma gondii]

9 profilin family protein, putative [Eimeria maxima]
profilin family protein, putative [Eimeria mitis)

— f:: profilin family protein, putative [Eimeria praecox)

lL%)roﬁlin family protein, putative [Eimeria acervulina]

profilin [Eimeria tenclla]

profilin family protein, putative [Eimenia necatrix

19 kDa sporozoite antigen [Eimena tenella)

IO.S l

Figure (1)The phylogentic tree of the 19 KDA sporozoite
antigen for Eimeria isolates registered on the NCBI (
BLAST tool)

Antigenicity,  toxicity,  solubility
physicochemical features of protein:
A sequences converted into the FASTA format then
inserted in many servers, the vaxijen2.0 server is
approved to determine the antigenicity of the protein
based on threshold=0.5 asin thetable 1 and otherscores.
As for determining the presence of the Transmembrane
helices in proteins, which will indicate the segments of
the protein that lie inside, outside or within the membrane
found in figure and the probability reaches much less than
75.0%, the outside site of the cell membrane in the
following figure 2.

profilin [Eimeria tenella]

and the

Table (1)the physicochemical, toxicological, and
antigenic characteristics of the target protein
physicochemical features value
Number of amino acids 169
Molecular weight: 18420.31
Theoretical pl 4.37
classifies the protein stable
Aliphatic index 77.93
average of hydropathicity -0.386
Antigenicity 0.7387
solubility 0.869

TMHMM posterior probabilities for WEBSEQUENCE

0.8

0.8

0t

0.2

20 40 80 8 00 1200 W 180

fransmembrang —— inside oulside
Figure(2)The Transmembrane helices of 19 sporozoite
antigen

Antigenicity, allergencity and toxicity of selected
epitopes:

The lack of data currently available in the
immunoinformaticstool for chicken alleles ,either used a
IEBD server in predicted B cell linear epitopes explain
that stimulate the antibiotic responses within the
following figure 3. A number of immunogenic epitopes
(5 HTL,4 BcL ,9 CTL) are evaluated a features of each
epitope which are detailed in table 2.each epitope.
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Table(2) Properties Each epitope is a genetic predictor for protein structure design

Epitopes Sequences Antigenicity Allergic Toxicity Gravy
MGEADTQAWDTSVRE 0.502 -1.053
ADGCRLFGAAVEGEG 1.4931 0.179

HTL NAWEELVKTNYQIEV 0.7238 non non -0.665
ETLRQAVVDGRAPNG 1.2343 -0.687
GRAPNGVYIGGTKYK 1.2198 -0.564

MEGEGNA\A(S]?I‘]ESIIJ;/\I/{I")F(I;II;(QIEVPQED 1.0478 0.958

BCL VDGRAPNGVYI 1.8207 non non -0.045
TFNDQNY 1.2304 -1.886

DEEKEQNKAD 1.2642 -3.05

NGVYIGGTK 1.0516 -0.211

GVYIGGTKYK 0.9265 -0.36

VYIGGTKYK 0.5873 -0.356

NYDVAILGK 1.7413 0.189

CTL KGGGFLIKTP 0.7013 non non -0.02
NENVVIALY 1.3361 0.794

DEEKEQNKAD 1.2642 -3.05

ADALTTALN 0.7291 0.511

AEYLHQSGF 0.5859 -0.478

Chain A (1 - 274)

10 - Threshold

1 O A

04 -

Score

024

0.0 A

0O 20 40 6 B0 100 120 140 160 180 200 220 240 260 280
Pncitian
Figure (3) a IEBD server in predicted B cell linear epitopes, Green area= less immunogenic, yellow area=potentially

immunogenic

Assembly of multi-epitopes vaccine: the number of
amino acids combined to compose the manufactured
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vaccine were 274 amino acidsand linkersapproved in the
previous studies, as shown in the figure4 and sequence of
constructed protein include:

& & =>

III it
I

T M terminugs
o -274
Figure (4 ) The composition of the recombinant protein with adding adjuvants and linkages.
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Antigenicity, Allergencity, physicochemical  helixes= 19%, Beta sheets=24% and Coils = 57% as showed
properties of the constructed vaccine: in figure(5).

Entering the sequence of the manufactured antigen into

the many servers mentioned above to evaluate immune-

antigenic features of complete protein, which are detailed Seuonce G
|n table (3) HGEADTQAMDTSVREGPOPOADGCRLFGAAVEGEGGPGPONANEELVETNYQIEVGPGPGETLRQAVVOGRAPHGGPGPE
[ e
. . . W —
Table (3)Immunological and physicochemical = : - X _
features Of the manufactured Vaccine GRAPFFGU\‘]GUHU;!HEEGMH‘EELI‘KINYI!IE\'PHIN'FHSVDWKKVDHM‘NEWIKIIFNDUNNKDEEHQN
S M e
physicochemical features value ‘
Number Of amino aCidS 274 KAI‘MA“NIW\'lﬁﬁTH‘AHE‘ﬂIGGHYIAIVVYIGGTKVI;IAYJIVDVIIlGKAAHGEEFlIHI’PiU\VN;NVVIAll’uV’
Molecular weight 29108.11 I s — ' NN
Theoretical pl 5.02 P P
classifies the protein stable DEEXEQNKADARYADALTTALNAAYAEYLHQSGF
- T R .
AllphatIC index 62.45 AN — ved is exposed or blue act as buried -
average of hydropathicity -0.642 ——— Col Anicmsnt ot oana’
Antigenicity 0.8954 Fi 51 q fruct ‘ binant brotein Usi
solubility 0726 igure(5)Secondary structure of recombinant protein using

NetSurfP-3.0 server
Secondary structure of the constructed protein: Identify surface orburied regions. a graphical image of 274

A hydrogen bond formed between the oxygen atom in theresidue predictions,. Surfac.e regions refers to red is exposed
basic carbonyl group of one amino acid and the hydrogenf)r blue act as burle.d, Wh'.le secondary_Structure .present
atom in the basic amino group of another amino acid. Thenclude Strand, Coil, Helix, Strand. Disorder Disorder:
secondary structure of recombinant protein analyzed bythlckness of line equals probability of disturbed residue

Proteus 2.0 server explain confidence value =72% as

moderately reliable in the secondary structure prediction,
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3D structure and refinement of the constructed
protein:

Swiss-model server is a platform for creating 3D
models (PDB format) of the recombinant protein
explain in figure 6A, using a comparative scores of the
best quality by alpha fold method with seq. identical
=86.75(score >30%) related to the original template and
QMGE=0.64% and Ramachandran plot of Swiss-model
server =77.57% high favored regions as explain in
figure 7.

(O %?
\ ‘.).,"1 i}’v ’i
[ Y \# 5

Figure (6) A-3d structure predicted by Swiss Model
server, B- refinement of recombinant protein using
GalaxyRefine

Table(4) The five improved models of the Galaxy Server

Using Galaxy Server led to significant improvements in
infrastructure quality and verification metrics showed in
figure 6B. the five models of the 3D protein based on the
results listed in the table 4. MODEL 5 exhibits GDT-HA,
Clash Score was lower thus nearto initial model. After
thatin figure 9, the Ramachandran plot analysis evaluated
by the procheck server 180residues within favored
regions representing 82.6% of the protein tertiary
structure.

180°

Figure (7) Investigation of recombinant protein model
using Ramachandran plot Red dots: high favored
regions, Blue and green dots: less common angles, Green
regions: allowed regions Dense regions represent the
most likely angles based on the protein structure.

. Clash Poor Rama

Model ((T;Ié:;g?) Rg/gtle) r)(l Mog;(::rl;y ( Score (| Rotamers (| Favored (1
Better) Better) Better)
Initial 1.0000 0.000 2.380 9.0 1.5% 77.9%
MODEL 1 09516 0414 2.138 12.0 0.5% 90.1%
MODEL 2 0.9599 0.380 2.208 13.9 0.0% 89.7%
MODEL 3 0.9498 0.411 2.181 12.7 0.5% 89.3%
MODEL 4 0.9571 0.406 2.147 12.9 0.5% 90.8%
MODEL 5 0.9507 0.408 2.171 13.9 1.0% 91.2%

The docking of the constructed protein:

Design and preparation of the crystal structure for
simulation with receptors as seem in the figure 10. A
comparison was made with TLR4, TLR15 receptors, as

shown in the values in the table may be the best
confidence score showed in figurell. The more negative
of docking score between ligand and receptor as seem in
the table5.

Table (5) Comparison after docking scores of several ligand 19kda and chicken receptors (TLRS)

Recombinant E19Kda antigen

RANK

TLR4 TLR15

Binding strength

-17.5313,-7.59155

-15.3464,-8.037
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A- 3D interactions diagram of induced fit
docking of wvaccine and RLR15

C- 2D interactions diagram of induced fit
docking of wvaccine and RLR15

B- interactions diagram of induced fit
docking of vaccine and RLR4

D- 2D interactions diagram of induced fit
docking of vaccine and RLR4

Figure(11) docking of the vaccine and toll liked receptors A,B 3D structure and C,D 2D structure of protein-protein

binding

Molecular dynamics simulation of the constructed
vaccine:

The curve of B cells and theiractivity in general, the most
important of which are memory cells that provide
immunity fora longer period accompanied by an increase

in helper T cells of the first class as shown in Figure 12.
IgM and IgG from the fifth day directly afterthe antigenic
decline and continue for periods of 35 days after
vaccination. Finally, the immune cytokines, interferon
gamma and interleukin 2, it's find that they increase
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significantly and reach the fifteenth day aftervaccination
and then gradually decrease until the end of the expected
period as shown in Figures 13.

TC cel population (cels per mmA) TC ceofl population per state (cebs per mm®)
1150 T T T T T T 1
Total
TC not Mem ——

1140 T Mern (42} ——
1130 | 4 05
1120 | ]

H %
1110 40 ¥

i ;
1100 | E
1090 | 4 -05
1080 |
1070 : L . . A . -1

] 5 10 15 20 25 30 35
G5

Figure (12) immune simulation of the response to the designed vaccine A- Increased differentiation of cytotoxic T

cells important in immunity against coccidian ,B- Elevated activity of non-memory cytotoxic T cells in immunity
against coccidian
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B ] 50000 |- L
i g8 300000
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E &5 5 250000
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a iy —
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Figure(13) immunoglobulin and cytokines simulation for the designed vaccine A-Antigenicity increases during the
first five days after vaccination, followed by a gradual rise of antibodies, B-increase in interferon-y, TGF-b and
interleukin2,10,12 in the first daysand continuing for 35 days) during injected by two doses of recombinant vaccine.
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Figure (13) shows the plasmid carrying the E19 Eimeria_pET-28b gene and electrophoresis of product

Discussion

Preventive programs rely on therapeutic and
management plansthat may have contributed to reducing
the clinical coccidiosis incidence, but problems soon
occur such as resistance and the recurrence of the disease
within chicken populations. Immunological protection
requires extensive study to confront challenges such as
antigenic diversity during a complex stages of the life
cycle of this parasite(28-29). Profilin liked protein
achievesan increase in the response of Toll receptors and
increases the secretion of lymphocytes that release
interferon gamma (30-31). The recombinant protein
properties showed a higher antigenicity and the solubility
level more than 0.45, and no allergy or toxicity, thus
similar to the previous study on the IMP-1,Gam56,3-1E
and AMA antigens(32-33). The researchers explained
about this quality of vaccine protein with criteria stating
that "vaccine antigens must be a molecular weight <110
kDa are considered a best vaccine candidatesasin the
current study MW=29108.11 (34-35). The tertiary
structure of the constructed vaccine using Swiss model
server with sequence identity and GMQE scores which
analyzes based on the properties an alignment of the
target template and the structure, the higher value for
better GMQE observed in the current study reported
modell= 0.64, the seq. identity=86.75% which
considered ideal at a rate greater than 30% and
Ramachandran plot of favored region=77.57 % (36-37).
Galaxy Refine server uses for To improve a structure
GDT-HA score= 0.9516 and Rama plot =91.2 indicate
thatthe 3 model maintainsa more similar structure to the
initial model (38-39). Evaluation of the model according
to the Ramachandran plot of the Procheck server
indicated the percentage of residues83%, a number of the
model's residues =181 in the most favorable regions (a

good quality model expected more than 90% of the most
favorable regions). In the current model, a value of less
than 90% appeared, but it is relatively acceptable (40-42).
It is not necessary to pay attention to the three-
dimensional design of the assembled antigens in
stimulating T-cell immunity (30-31,43-45). The current
study of the TLR group registered against Eimeria spp.
infection in poultry showed that TLR15 was the most
strongly bound to the ligand (vaccine) Consistent with a
TLRs expression study (30). In MOE program, the
docking comparison between TLR4 and TLR15 are (-
17.5313, -7.59155) and (-15.3464, -8.037) respectively
that expected values are considered appropriate for
establishing correlation. The vaccine can be subjected to
evaluation and simulation of the immune behavior by the
C-immsim server, and immunologically it showed results
similar to previous studies (33,41). The significant
increase in Thl and Tc cells, which play a fundamental
role especially in inflammation and the secretion of
interferon gamma (IFN-y) and interleukin 2,10,12 and
their importance in stimulating the response and
developing protection against Eimeria (24,46). The
suggested vaccine shows high antigenic ability during the
first days, then decreases to its lowest levels, so that the
humoral response of IgG + IgM immunoglobulin
complexes begins and continues for a period exceeding
35 days. Laboratory experiments are needed to achieve
the necessary confidence in the results of the current
study (47-48).

Funding

Financial support for this work is provided by personal
means.

Conflict of interest

all authors declare no conflict of interests


https://qjvms.qu.edu.iq/

"fn“"“"h"'ﬂu

w\Al-Qadisiyah J. Vet. Med. Sci. 2025; 24 (2). 10.29079/qgjvms.2025.160830.1092

ISSN P: 1818-5746
E: 2313-4429

jvims.qu.edu.i )

References

1. Jespersen JC. Alterations of dietary energy and amino
acid densities during coccidiosis infections in broilers
[dissertation]. Urbana-Champaign: University of
Ilinois at Urbana-Champaign; 2023.

2. McDougald LR, CervantesHM, JenkinsMC, Hess M,
Beckstead R. Protozoal infections. In: Swayne DE,
Boulianne M, Logue CM, McDougald LR, Nair V,
Suarez DL, editors. Diseases of poultry. 14th ed.
Hoboken: Wiley-Blackwell; 2020. p. 1192-1254.
https://doi.org/10.1002/9781119371199.ch28 .

3. Silva JTD, Alvares FBV, Lima EFD, Silva Filho
GMD, Silva ALPD, Lima BA, et al. Prevalence and
diversity of Eimeria spp. in free-range chickens in
northeastern Brazil. Front Vet Sci. 2022;9:1031330.
https://doi.org/10.3389/fvets.2022.1031330 .

4. Cisman M, Ahmed Z, Mohamoud H, Abdulrazak T,
Hamze S. Scope specification of coccidiosis in the
poultry on researchers. Int J Avian Wildl Biol.
2020;5(2):32-7.
https://doi.org/10.15406/ijawb.2020.05.00171 .

5. Cloft SE. Outlining a balance-point model of
homeostasisin the small intestine of broiler chickens
[dissertation]. Blacksburg: Virginia Tech; 2022.
http://hdl.handle.net /10919/111098 .

6. Mares MM, Al-Quraishy S, Abdel-Gaber R, Murshed
M. Morphological and molecular characterization of
Eimeria spp. infecting domestic poultry Gallus gallus
in Riyadh city, Saudi Arabia. Microorganisms.
2023;11(3):795.
https://doi.org/10.3390/microorganisms11030795.

7. Merazi Y, Hammadi K, Fedoul FF. An investigation
of the practices of veterinarians and breeders in the
prevalence of antibiotic resistance in poultry farmsin
Algeria. Rev Nat Technol. 2021;13(2):20-20.

8. Xu L, Li X. Conserved proteins of Eimeria and their
applications to develop universal subunit vaccine
against chicken coccidiosis. Vet Vaccine.
2024:100068.
https://doi.org/10.1016/j.vetvac.2024.100068 .

9. Snyder R. Coccidiosis in commercial broiler
chickens: Improving management of Eimeria species
using live-vaccination oranticoccidial medication and
developing and applying quantitative species-specific
molecularassays [dissertation]. Guelph: University of
Guelph; 2021. https://hdl.handle.net/10214/23704 .

10.Ahmad R, Yu YH, Hua KF, Chen WJ, Zaborski D,
Dybus A, et al. Management and control of
coccidiosis in poultry—A review. Anim Biosci.
2024;37(1):1. https://doi.org/10.5713/ab.23.0189 .

11.Lee SH, Lillehoj HS, Jang SI, Lee KW, Yancey RJ,
Dominowski P. The effects of a novel adjuvant

complex/Eimeria profilin vaccine on the intestinal
host immune response against live E. acervulina
challenge infection. Vaccine. 2010;28(39):6498-
6504. https://doi.org/ 10.1016/j.vaccine.2010.06.116.

12. Atapour A, Vosough P, JafariS, Sarab GA. A multi-
epitope vaccine designed against blood-stage of
malaria: An immunoinformatic and structural
approach. Sci Rep. 2022;12(1):11683.
https://doi.org/10.1038/s41598-022-15956-3 .

13. Fetterer RH, Miska KB, Jenkins MC, Barfield RC. A
conserved 19-kDa Eimeria tenella antigen is a
profilin-like protein. J Parasitol. 2004;90(6):1321-
1328.

14.CaiH, Qi N, LiJ, Lv M, Lin X, Hu J, et al. Research
progress of the avian coccidiosis vaccine. Vet
Vaccine. 2022;1(1):100002.

15.Ali  SA, Almofti YA, Abd-Elrahman KA.
Immunoinformatics approach for multiepitope
vaccine prediction against glycoprotein B of avian
infectious laryngotracheitis virus. Adv Bioinform.
2019;2019:1270485.

16.Ponomarenko J, Papangelopoulos N, Zajonc DM,
Peters B, Sette A, Bourne PE. IEDB-3D: structural
data within the immune epitope database. Nucleic
Acids Res. 2010;39(suppl_1):D1164-D1170.

17.WangQ, Chen L, Li J, ZhengJ, CaiN, Gong P, et al.
A novel recombinant BCG vaccine encoding Eimeria
tenella rhomboid and chicken IL-2 induces protective
immunity against coccidiosis. Korean J Parasitol.
2014;52(3):251.
https://doi.org/10.3347/kjp.2014.52.3.251 .

18.Montgomerie S, Cruz JA, Shrivastava S, Arndt D,
Berjanskii M, Wishart DS. PROTEUS2: a web server
for comprehensive protein structure prediction and
structure-based annotation. Nucleic Acids Res.
2008;36(suppl_2):W202-W209.

19.Waterhouse A, Bertoni M, Bienert S, Studer G,
Tauriello G, Gumienny R, et al. SWISS-MODEL:
homology modelling of protein structures and
complexes. Nucleic Acids Res. 2018;46(W1):W296-
W303.

20.ZhouZ, Wang Z, CaoL,Hu S, ZhangZ, Qin B, et al.
Upregulation of chicken TLR4, TLR15 and MyD88
in heterophils and monocyte-derived macrophages
stimulated with Eimeria tenella in vitro. Exp Parasitol.
2013;133(4):427-433.
https://doi.org/10.1016/j.exppara.2013.01.002.

21.Campos JH, Soares RP, Ribeiro K, Andrade AC,
Batista WL, Torrecilhas AC. Extracellular vesicles:
role in inflammatory responses and potential uses in
vaccination in cancer and infectious diseases. J



https://qjvms.qu.edu.iq/
https://doi.org/10.1002/9781119371199.ch28
https://doi.org/10.3389/fvets.2022.1031330
https://doi.org/10.15406/ijawb.2020.05.00171
https://doi.org/10.1016/j.vetvac.2024.100068
https://hdl.handle.net/10214/23704
https://doi.org/%2010.1016/j.vaccine.2010.06.116
https://doi.org/10.1038/s41598-022-15956-3
https://doi.org/10.3347/kjp.2014.52.3.251
https://doi.org/10.1016/j.exppara.2013.01.002

"fn“"“"h"'ﬂu

w\Al-Qadisiyah J. Vet. Med. Sci. 2025; 24 (2). 10.29079/qgjvms.2025.160830.1092

ISSN P: 1818-5746
E: 2313-4429

HLLERTIN AT —

Immunol Res. 2015;2015:832057.
https://doi.org/10.1155/ 2015/832057 .

22.Gaghan C, Adams D, Mohammed J, Crespo R,
Livingston K, Kulkarmni RR. Characterization of
vaccine-induced immune  responses  against
coccidiosis  in  broiler  chickens.  Vaccine.
2022;40(28):3893-3902.
https://doi.org/10.1016/j.vaccine.2022.05.043 .

23.Bodman-HarrisO, Rollier C, Igbal M. Approachesto
enhance the potency of poultry vaccines. 2024.

24.Wang D, Zhang Q, Zhang Z, Zhang Y, Wang S, Han
Y, et al. Expression profile of Toll-like receptors and
cytokines in the cecal tonsil of chickens challenged
with Eimeria tenella. Parasitol Res. 2024;123(10):1-
12. https://doi.org/10.1007/s00436-024-08371-2 .

25. Al ChalabiL. Discovery of novel inhibitors of P-type
ATPases present in the Plasmodium falciparum genus
of the malaria parasite using computational methods
[master’s thesis]. Sacramento: California State
University, Sacramento; 2024.

26.Rapin N, Lund O, Castiglione F. Immune system
simulation online. Bioinformatics.2011;27(14):2013-
2014.

27.Cheema N, Papamichail G, Papamichail D.
Computational tools for synthetic gene optimization.
In: Singh V, editor. New frontiers and applications of
synthetic biology. Cambridge: Academic Press; 2022.
p.171-189.

28.Chapman HD. Applied strategies for the control of
coccidiosis in poultry. CABI Rev. 2018;2018:1-11.
https://doi.org/10.5713/ab.23.0189 .

29.Yu Z, Chen S, HuangJ, Ding W, Chen Y, Su J, et al.
A multiepitope vaccine encoding four Eimeria
epitopes with PLGA nanospheres: a novel vaccine
candidate against coccidiosis in laying chickens. Vet
Res. 2022;53(1):27. https://doi.org/10.1186/s13567-
022-01045-w.

30.ZhanglL, Liu R, Ma L, Wang Y, Pan B, CaiJ, etal.
Eimeria tenella: expression profiling of toll-like
receptors and associated cytokines in the cecum of
infected day-old and three-week old SPF chickens.
Exp Parasitol. 2012;130(4):442-448.
https://doi.org/10.1016 /j.exppara.2012.01.013 .

31.Tang X, Suo J, Li C, Du M, Wang C, Hu D, et al.
Transgenic Eimeria tenella expressing profilin of
Eimeria maxima elicits enhanced protective immunity
and alters gut microbiome of chickens. Infect Immun.
2018;86(9):e00888-17.
https://doi.org/10.1128/1A1.00888-17 .

32.Venkatas J, Adeleke MA. A review of Eimeria
antigen identification for the development of novel
anticoccidial vaccines. Parasitol Res.
2019;118(6):1701-1710 .

33.Madlala T, Adeleke VT, Fatoba AJ, Okpeku M,
Adeniyi AA, Adeleke MA. Designing multiepitope-
based vaccine against Eimeria from immune mapped
protein 1 (IMP-1) antigen using immunoinformatic
approach. Sci Rep. 2021;11(1):18295.
https://doi.org/10.1038/s41598-021-97880-6 .

34.Dar HA, Zaheer T, Shehroz M, Ullah N, Naz K,
Muhammad SA, et al. Immunoinformatics-aided
design and evaluation of a potential multi-epitope
vaccine against Klebsiella pneumoniae. Vaccines.
2019;7(3):88.

35.Ghaffari AD, Rahimi F. Immunoinformatics studies
and design of a novel multi-epitope peptide vaccine
against Toxoplasma gondii based on calcium-
dependent protein kinases antigens through an in-
silico  analysis. Clin  Exp Vaccine Res.
2024;13(2):146.
https://doi.org/10.7774/cevr.2024.13.2.146 .

36.Shah M, Sitara F, Sarfraz A, Shehroz M, Wara TU,
Perveen A, et al. Development of a subunit vaccine
againstthe cholangiocarcinoma causing Opisthorchis
viverrini: a computational approach. Front Immunol.
2024;15:1281544.
https://doi.org/10.3389/fimmu.2024.1281544 .

37.Afolayan FID, Olaniyi DA. Immunoinformatics-
driven design of malaria protein-based multi-epitope

vaccine. 2024. http://dx.doi.org/10.21203/rs.3.rs-
4732626/v1 .
38.Hasani M, Dalir Ghaffari A, Asadi M.

Comprehensive bioinformatics assessments of the
ROP34 of Toxoplasma gondii to approach vaccine
candidates. Discov Appl Sci. 2024;6(10):501.
https://doi.org/10.1007/s42452-024-06189-2 .
39.Shaker B, Ahmad S, Shen J, Kim HW, Na D.
Computational design of a multi-epitope vaccine
against Porphyromonas gingivalis. Front Immunol.
2022;13:806825.
https://doi.org/10.3389/fimmu.2022.806825.
40.Dormitzer PR, Ulmer JB, Rappuoli R. Structure-
based antigen design: a strategy for next generation
vaccines. Trends Biotechnol. 2008;26(12):659-667.
https://doi.org/10.1016/j.tibtech.2008.08.002 .
41.Roy SK, Biswas MS, Raman MF,Hasan R,Rahmann
Z, Uddin PKMM. A computational approach to
developing a multi-epitope vaccine for combating
Pseudomonas aeruginosa—induced pneumonia and
sepsis.  Brief Bioinform. 2024;25(5):bbae401.
https://doi.org/10.1093/bib/bbae401 .
42.Heidarnejad F,Namvar A, Sadat SM, PordanjaniPM,
Rezaei F, Namdari H, et al. In silico designing of
novel epitope-based peptide vaccines against HIV-1.
Biotechnol Lett. 2024,;46(3):315-354.
https://doi.org/10.1007/s10529-023-03464-X .



https://qjvms.qu.edu.iq/
https://doi.org/10.1155/%202015/832057
https://doi.org/10.1016/j.vaccine.2022.05.043
https://doi.org/10.1007/s00436-024-08371-2
https://doi.org/10.5713/ab.23.0189
https://doi.org/10.1016%20/j.exppara.2012.01.013
https://doi.org/10.1128/IAI.00888-17
https://doi.org/10.1038/s41598-021-97880-6
https://doi.org/10.7774/cevr.2024.13.2.146
https://doi.org/10.3389/fimmu.2024.1281544
http://dx.doi.org/10.21203/rs.3.rs-4732626/v1
http://dx.doi.org/10.21203/rs.3.rs-4732626/v1
https://doi.org/10.1007/s42452-024-06189-2
https://doi.org/10.1016/j.tibtech.2008.08.002
https://doi.org/10.1093/bib/bbae401
https://doi.org/10.1007/s10529-023-03464-x

"f.\l“"‘"'"h"luu

w\Al-Qadisiyah J. Vet. Med. Sci. 2025; 24 (2). 10.29079/qgjvms.2025.160830.1092

ISSN P: 1818-5746
E: 2313-4429

HLLERTIN AT —

43.Lee SH, Lillehoj HS, Jang SI, Lee KW, Kim DK,
Lillehoj EP, et al. Evaluation of novel adjuvant
Eimeria profilin complex on intestinal host immune
responses against live E. acervulina challenge
infection.  Avian  Dis. 2012;56(2):402-405.
https://doi.org/10.1637/9906-082411-ResNote.1 .

44.RaniP, Baruah A, Biswas P. Does lack of secondary
structure imply intrinsic disorder in proteins? A
sequence analysis. Biochim Biophys Acta Proteins
Proteom. 2014;1844(10):1827-1834.
https://doi.org/10.1016/j.bbapap.2014.07.020 .

45.Alhassan HH, Ullah MI, Niazy AA, Alzarea SlI,
Alsaidan OA, Alzarea Al, etal. Exploring glutathione
transferase and Cathepsin L-like proteinase for
designing of epitopes-based vaccine against Fasciola
hepatica by immunoinformatics and biophysics
studies.  Front  Immunol.  2024;15:1478107.
https://doi.org/10.3389/fimmu.2024.1478107 .

46.TanF, ZhanglL, Yin L, WangL, ZhangH, Zheng L,
et al. Immune synergistic mechanism of recombinant
plasmid adjuvant containing chicken IL-4 and IL-2
fusion genes on chicken coccidian live vaccine. Poult
Sci.  2024;103(1):103204. https://doi.org/10.1016
/1.psj.2023.103204 .

47.Yu Y, Tang X, DuanC, Suo J, Crouch C, Zhang S, et
al. Microneme-located VP2 in Eimeria acervulina
elicits  effective protective immunity against
infectious bursal disease virus. Infect Immun.
2024;92(2):e00456-23.
https://doi.org/10.1128/1A1.00456-23.

48.Gao Y, Sun P, Hu D, Tang X, Zhang S, Shi F, et al.
Advancements in understanding chicken coccidiosis:
from Eimeria biology to innovative control strategies.
One Health Adv. 2024;2(1)6.
https://doi.org/10.1186/s44280-024-00039-x



https://qjvms.qu.edu.iq/
https://doi.org/10.1637/9906-082411-ResNote.1
https://doi.org/10.1016/j.bbapap.2014.07.020
https://doi.org/10.3389/fimmu.2024.1478107
https://doi.org/10.1016%20/j.psj.2023.103204
https://doi.org/10.1016%20/j.psj.2023.103204
https://doi.org/10.1128/IAI.00456-23
https://doi.org/10.1186/s44280-024-00039-x

