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Abstract

The aim of this study was to evaluate phage display technology for mapping Haemonchus contortus mimotopes.
We screened the PhD-7 Phage Display Peptide Library Kit with a sheep polyclonal antibody against H. contortus. After four
rounds of selection, 50 phage peptide clones were selected by biopanning and sequenced. Two clones displaying peptide
mimotopes of H. contortus proteins were chosen for sheep immunization: clone 6 - mimotope of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and clone 17 - mimotope of a disorganized muscle family member (Dim 1). Twelve sheep
were allocated into 3 groups of 4 animals as follow: G1: control group; G2/GAPDH: immunized with clone 6; and
G3/Dim1: immunized with clone 17. Four immunizations were performed at intervals of seven days (0, 7, 14, and
21 days). On day 28 post initial vaccination, all groups were orally challenged with 2500 H. contortus infective larvae.
The mimotope peptides selected by phage display were recognized by IgG from sheep naturaly infected with H. contortus.
The immunization protocol showed an increasein IgG anti-M13 phage titers, but no effect was observed in IgG-specific
for the anti-mimotope peptides. This is the first report of successful use of a phage display library for the identification
of mimotopes of H. contortus proteins.
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Resumo

O objetivo deste estudo foi avaliar a tecnologia de phage display no mapeamento de mimetopos de Haemonchus contortus.
Anticorpo policlonal de ovinos anti-H. contortus foi usado para selecao a partir da biblioteca PhD-7 Phage Display
Peptide Library Kit (New England BioLabs). Apds quatro rodadas, 50 clones de fagos expressando peptideos foram
selecionados e sequenciados. Dois clones que exibiram mimetopos de H. contortus foram escolhidos para imunizagao de
ovinos: clone 6 — mimetopo de gliceraldeido-3-fosfato desidrogenase (GAPDH) e clone 17 - mimetopo da familia do
musculo desorganizado (Dim 1). Doze ovinos foram alocados em 3 grupos de 4 animais, da seguinte forma: G1: grupo
controle, G2/GAPDH: imunizado com o clone 6 ¢ G3/Dim1: imunizado com o clone 17. Quatro imunizagoes foram
realizadas (0, 7, 14 e 21 dias). No dia 28 apés a primeira imunizagio, todos os grupos foram desafiados oralmente com
2500 larvas infectantes de H. contortus. Os peptideos mimetopos selecionados foram reconhecidos por IgG de ovinos
naturalmente infectados por H. contortus. O ensaio de imunizacio revelou um aument dos titulos de IgG anti-fago
M13, mas nio ocorreu aumento de IgG anti-peptideos mimetopos. Este é o primeiro relato de uso bem sucedido da
biblioteca de Phage display para a identificagio de mimetopos de H. contortus.
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*Corresponding author: Andréia Buzatti. Laboratério de Doengas Parasitérias,
Departamento de Medicina Veterindria, Universidade Federal do Parand —
UFPR, Rua dos Funciondrios, 1540, CEP 80035-050, Curitiba, PR, Brasil.
e-mail: deiabuzatti@gmail.com

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



184 Buzatti, A. et al.

Introduction

Haemonchus contortus is a hematophagous gastrointestinal
parasite of ruminants that is extremely important on a global
scale. It is one of the most prevalent parasites, causing a lot of
damage to animals, thereby having a substantial impact on farm
production. The parasite has been reported to outlive the use of
different anthelmintic products (FORTES & MOLENTO, 2013)

Phage display is a low-cost and fast method for mapping
the epitope of an antigen that is involved in a specific protein
interaction with the antibody. The identification of epitopes is
essential in diagnostics, immunotherapy, drug discovery and
vaccine development to combat diseases (PANDE et al., 2010).
This application, enables selection of mimotopes, peptides mimicking
natural epitopes of a pathogen, even without prior knowledge of
the natural ligand area (ELLIS et al., 2012).

Concerning parasite control, phage display library technology
is still a relatively novel research area (ELLIS et al., 2012) and it
has not been applied previously in the screening of H. contortus
mimotopes.

Several reports have demonstrated the use of phage display
libraries for targeting and diagnosis of parasites (HELL et al., 2009;
GAZARIAN etal., 2012; CHEONG et al., 2016; RHAIEM &
HOUIMEL, 2016), and promising studies on protective mimotopes
have been reported on Plasmodium falciparum (ADDA etal., 1999),
Schistosoma japonicum (TANG et al., 2004), Trichinella spiralis
(GU et al., 2008), Fasciola hepatica (VILLA-MANCERA et al.,
2008), Rhipicephalus (Boophilus) microplus (PRUDENCIO etal.,
2010), and Zaenia solium (ASSANA et al., 2010). The objective
of this study was to evaluate for the first time, the use of phage
display technology for mapping H. contortus mimotopes.

Materials and Methods

Haemonchus contortus polyclonal antibodies

Forty-eight adult sheep from a herd naturally infected with
H. contortus and exposed to repeated infections, were used to
obtain serum. We selected serum only from the animals with high
IgG titter and zero parasite fecal egg count (FEC).

Blood samples (10 ml) were collected from the jugular vein
of all animals. The serum was separated by centrifugation at 3000
x g for 10 min and stored at -20°C undil its use for the ELISA
and biopanning assays.

Extraction of Haemonchus contortus proteins

Fifty worms were crushed in liquid nitrogen using a mortar
and pestle. Protein extraction was performed using chilled
0.1% [v/v] PBS and Tween 20, with shaking for 1 h at 4°C.
The samples were centrifuged at 10,000 x g for 20 min at 4°C.
The supernatant was filtered and aliquots were kept at -20°C until
use. The protein concentration was determined by Qubit protein
assay (Invitrogen, USA).

Braz. J. Vet. Parasitol.

Enzyme-linked immunosorbent assay (ELISA)

The 96-well ELISA plates (PolySorp, Nunc) were coated
with 5 pg ml' (100 pl well!) of H. contortus total proteins
(DIAZ etal., 2015) (5 pg ml™ of chemically-synthesized peptides
or 10" plaque-forming units or 5 pg ml"* according to the assay)
diluted in coating buffer (0.1 mM sodium carbonate-bicarbonate,
pH 9.6) and incubated at 4°C overnight. The plates were washed
four times with 0.05% [v/v] Tween 20 solution (Merck, USA).
The blocking of the reaction was performed with 3% [v/v] PBS
for 1 h at 20°C. The plates were washed four times with 0.05%
[v/v] Tween 20 solution. Sheep sera were used at 1:100, 1:300,
1:600, 1:1200, 1:2400, 1:4800, 1:9600 and 1:19200, depending
on the assay, in PBS 1 x 0.2% [v/v] Tween 20 and incubated for
1 h at room temperature. After incubation, the plates were washed
four times with Tween 20 solution 0.05% [v/v] and the anti-sheep
IgG HRP 1:10.000 (Sigma A3415) was added. The plates were
washed four times with 0.05% [v/v] Tween 20 solution and ABTS
[2,2"-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)] buffer
was added. The plates were then incubated in the dark at 20°C for
30 min. The optical density was determined using a microplate
reader (BioTek, USA) at 405 nm. The cut-off optical density
(OD) was determined using the mean OD + 3xSD (standard
deviation) of the negative control (serum of sheep not infected
with H. contortus).

Titration, purification and amplification of the phage

The PhD-7 Phage Display Peptide Library Kit (New England
BioLabs, USA) was used according to methodology previously
described by Wu et al. (2006). The technology consists of a
randomized linear 7-mer peptides fused to a minor coat protein

(pII) of M13 phage.

Peptide selection from Phage-Display Library

A 96-well plate (PolySorp, Nunc) was coated with IgG protein-G
purified from sheep polyclonal sera that recognized H. contortus
(1:100), in 100 pl of binding buffer (0.1M NaHCO3, pH 9.6),
overnight at 4°C. The panning process was performed according
to Wu et al. (20006).

Four rounds of selection were performed, after which an
individual plaque was picked up at random and subjected to
analysis by ELISA and DNA sequencing, following amplification
in Escherichia coli ER2537.

Analysis of the selected clones

After the four selection rounds, each clone obtained had its DNA
purified and sequenced using a capillary electrophoresis apparatus
(ABI3130) using BigDye® terminator v 3.1 and POP 7 polymer.
The sequence analyses were carried out using the software Vector
NTI (version 6.0) and Molecular Evolutionary Genetics Analysis
(version 6.06). We evaluated the identity among the clones and
also with H. contortus protein sequences available in GenBank.
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Evaluation of peptides as mimotopes

Serum samples of 25 sheep naturally infected with H. contortus
were subjected to ELISA testing (section 2.3) to evaluate the
peptides’ abilty as mimotopes. The plates were coated with two
chemically-synthesized peptides, which had the same sequences
and confomation (7 amino acids - aa) displayed on two clones
selected by the biopanning, and used in the vaccination assay.

Immunization protocol

To evaluate the potential of the selected mimotopes as
experimental vaccine candidates, two clones displaying the peptides
were selected to perform the in vivo study. Clone 6 - similar
to the glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
and clone 17 - similar to a disorganized muscle family member
(Dim 1) were used. Twelve sheep, 8-10 months old, raised
indoors under nematode-free conditions, were allocated into
3 groups of 4 animals as follows: G1: control group - infected
but not immunized; G2: GAPDH - immunized with clone 6;
and G3: Dim 1 - immunized with clone 17. Vaccinated animals
were immunized with 5x10"" pfu with the adjuvant Montanide
ISA 25 VG according to the manufacturer’s recommendations.
G1 was unvaccinated but received 1 ml of the same adjuvant.
Four immunizations were performed at seven-day intervals (0,
7, 14 and 21 days). On day 28 post-vaccination, all groups were
orally challenged with 2500 infective H. contortus larvae (L3). All
sheep were humanely slaughtered on day 63.

Serological analysis

Sheep serum samples, corresponding to days 0; 14; 21; 28;
44; 51; and 63 were used for testing antibody response (ELISA
section 2.3). All samples were examined against five antigens: 1:
M13 phage, 2: Clone 6, 3: Clone 17, 4: chemically-synthesized
GAPDH (7 aa), and 5: chemically-synthesized Dim 1 (7 aa).

Haematological analysis

Blood samples were collected on day 0; 14; 28; 44 and 50
following the first vaccination, by jugular venipuncture into vaccum
glass tubes containing EDTA as anti-coagulant. The samples were
used for leukogram and haemoglobin determination. Differential
cell counts were also carried out.

Fecal egg count (FEC)

Fecal samples were collected from each sheep at day 0; 28;
445 47; 51 and 55 of the experiment. FEC was determined by a
modified Gordon & Whitlock (1939) method, with a sensivity of
25 eggs per gram of feces. Previously the experiment start (day 0),
we analyzed fecal samples of all animals for 4 consecutive days (day
-4; day -3; day -2 and day -1) to confirm the absence of infection
by gastrointestinal parasites.
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Abomasum worm counts

The number of worms in the abomasum from all slaughtered
animals was determined on day 63. The abomasal content was
collected and the mucosa was scraped and washed with warm 0.9%
sodium chloride to detach the worms. All H. contortus were picked
up, collected, counted and sorted according to their sex.

All protocols were approved by the Animal Care and Ethics
Committee of Camaguey University, Cuba (protocol No. 2013001).

Statistical analyses

'The data were analyzed using the Shapiro-Wilk normality test.
The Kruskal-Wallis test was used to evaluate differences between
groups (P<0.05).

Results
Phage display library biopanning

To map the epitopes of H. contortus, a random heptapeptide
phage display library (PhD-7) comprised of 1.0x10*? independent
phage clones was screened with the coated sheep polyclonal antibodies
(H. contortus-IgG). After four rounds of biopanning, the selected
phage bound to H. contortus-IgG were well enriched (2100X), as
indicated by the increased recovery. The number of phage peptides
bound to H. contortus-IgG increased from 2.2x10* pfu in the first
round to 4.6x107 pfu in the fourth round.

After four rounds of selection, 50 peptide phage clones were
selected by biopanning and sequenced by capillary electrophoresis.
The analysis of the sequences (Figure 1) revealed degrees of identity
among some clones and also to proteins of H. contortus, namely,
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and a
Disorganized Muscle Family Member (Dim 1).

The identity among clones 9; 10 and 32 was 100%; and among
the clones 21; 25; 26; 37; 39 and 40 was 57.14%. The identity
between GAPDH and clone 6 was 71.42%; the identity among
Dim1, clone 11 and clone 17 was 57.14.

(a) oo e (b)

DRI

1. Clone 21 YDMPNTV 1. Clone 10 NERALTL
1. Clone 25 YOMHNTV 2. Clone 32 NERALTL
1. Clone 26 YDMPNTV 3.Clone 9 NERALTL
1. Clone 37 YDLHNTV
1. Clone 39 YDMHNAV
1. Clone 40 YDMPNTV

(c) Caee (d) v

1.Dim 1 GKGNANF
2. Clone 17 GSGNAI M
3. Clone 11 GSGNAHR

1. GAPDH FVSDTHS
2. Clone 6 FLSDTRS

Figure 1. Phage display technology was employed to select mimotopes
of Haemonchus contortus peptides. Analyses of the phage cloned
sequences were performed with MEGA software Version 6.06.
Consensus sequence (*) was observed among amino acids of some
clones (a, b) and also to two H. contortus proteins, Glyceraldehyde-
3-phosphate dehydrogenase (c) and a Disorganized muscle family
member — Dim 1 (d).
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The evaluation of the chemically-synthesized peptides as
mimotopes is demonstrated in Figure 2 (a and b). The serum
samples analyzed against the peptide GAPDH (Figure 2a)
revealed 24 samples with IgG higher than the cut-off and just one
sample below the cut-off. When used against Dim 1 (Figure 2b),
12 samples demonstrated IgG means above and 12 samples below
the cut-off value.

Immunization trial

Circulating antibody responses were observed in both vaccinated
groups from day 14 onwards (Figure 3b and 3c). The same animals
also revealed IgG against the M 13 phage (Figure 3a). The IgG
titers of the vaccinated groups were similar and followed the same
pattern, rising after the first immunization (Day 0) and reaching
a peak on day 28. The animals did not show an IgG response
specifically against the GAPDH (Figure 3d) or Dim 1 (Figure 3¢)
chemically-synthesized peptides.

The infection with H. contortus was confirmed on day 44. We did
not detect any significant FEC reduction within the experimental
groups; nor for the worm counts (P>0.05) after vaccination (data
not shown). The results from leukogram and haemoglobin analyses
are shown in Table 1, with a lack of significant variations during
the experimental period.
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Figure 2. Mean levels of plasma IgG of 25 adult sheep naturally
infected with Haemonchus contortus. The serum samples were analyzed
against two chemically-synthesized peptides: (a) Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) and (b) Disorganized muscle
family member (Dim 1). These synthetic peptides have the same
sequences (7 amino acids) displayed on two clones (6 and 17,
respectively) selected by biopanning,.
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Table 1. Hemoglobin, total leukocyte number and percentage of
lymphocyte, neutrophil and eosinophil cells in blood are shown as
means + SD. Twelve 8-10 month-old Suffolk sheep were alocated into
3 groups of 4 animals as follows: Control: infected but not immunized;
GAPDH: immunized with clone 6; and Dim 1: immunized with
clone 17. Four immunizations were performed (0, 7, 14 and 21 days)
with 5x10"" phage particles displaying mimotopes of H. contortus
peptides - On day 28 all groups were orally challenged with 2500
infective H. contortus infective larvae. All groups demonstrated similar
results (P>0.05) by the Kruskall-Wallis test.

Day of GAPDH Dim 1 Control
experiment
Hemoglobin (g/dl)
Day 0 10.64 + 2.90 11.90 £ 2.92 11.03 + 4.05
Day 14 14.50 + 2.23 11.66 + 3.82 13.37 + 3.03
Day 28 11.75 + 2.42 13.52 +3.97 13.20 + 2.02
Day 44 12.56 + 2.68 14.73 + 1.68 14.28 + 3.05
Day 50 13.89 + 1.96 14.41 + 2.06 13.10 + 0.81
Total leukocytes (x 10%/pL)
Day 0 11.85 + 2.06 12.00 + 1.48 12.12 + 1.42
Day 14 12.20 + 2.14 10.97 + 0.28 12.12 + 1.38
Day 28 11.07 + 1.96 10.70 £ 2.09 12.50 + 1.58
Day 44 11.37 £ 1.15 12.47 £ 0.75 12.27 + 1.61
Day 50 12.05 + 2.04 10.92 £ 1.90 12.57 + 1.19
Lymphocytes (%)
Day 0 58.75 + 3.86 59.50 + 4.72 57.50 + 2.38
Day 14 68.00 + 8.16 64.50 + 6.35 66.00 + 6.22
Day 28 61.00 + 4.08 65.00 + 0.82 61.50 + 1.91
Day 44 59.25 £ 3.30 53.75 £ 0.50 56.75 £ 6.95
Day 50 64.25 £ 3.77 62.00 + 6.22 60.50 + 2.65
Neutrophil (%)
Day 0 36.75 £ 3.30 36.75 £ 3.77 39.00 + 2.44
Day 14 26.75 +7.80 31.00 £ 5.35 30.00 + 6.48
Day 28 34.25 £ 3.59 31.00 + 1.56 32.75+1.72
Day 44 36.00 + 3.37 41.25+1.73 37.00 £ 5.71
Day 50 30.75 + 2.75 32.75 + 5.44 34.50 + 2.38
Eosinophil (%)
Day 0 2.25+0.50 1.25 + 0.50 1.50 + 0.58
Day 14 2.25+0.50 2.25+0.50 1.75 + 0.96
Day 28 1.75 + 0.50 1.75+0.96 2.75+1.26
Day 44 1.75 £ 0.50 1.50 + 0.58 2.25+0.50
Day 50 2.50 + 0.58 1.75 £ 0.96 1.75 £ 0.50
Monocytes (%)
Day 0 1.50 + 1.00 1.75 £ 0.50 1.50 £ 0.58
Day 14 1.50 + 0.58 1.25 + 0.50 1.75 £ 0.50
Day 28 2.00 + 0.82 1.50 + 0.58 2.00 + 0.82
Day 44 2.00 + 0.82 1.75 + 0.50 1.75 £ 0.96
Day 50 1.75 £ 0.50 1.50 + 0.58 1.25 + 0.50
Basophils (%)
Day 0 0.25 £ 0.50 0.50 + 0.58 0.50 £ 0.58
Day 14 1.25 +0.96 0.75 +0.96 0.50 + 0.58
Day 28 0.75+ 0.50 0.50 + 0.58 0.00 + 0.00
Day 44 0.50 + 0.58 0.75 + 0.96 1.50 + 0.58
Day 50 0.25 + 0.50 1.50 £ 0.58 1.25 £ 0.96
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Figure 3. Mean levels of plasma IgG of sheep against M13 phage (a), Clone 6 (b), Clonel7 (c), Chemically-synthesized GAPDH mimotope
(d) and Chemically-synthesized Dim 1 mimotope (¢). Twelve 8-10 month-old Suffolk sheep were allocated into 3 groups of 4 animals as follows:
Control: infected but not immunized; GAPDH: immunized with clone 6; and Dim 1: immunized with clone 17. Four immunizations were
performed (0, 7, 14 and 21 days) with 5x10"" phage particles displaying mimotopes of H. contortus peptides - Clone 6 displayed a mimotope
of Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and the clone 17 a mimotope of a Disorganized muscle family member (Dim 1).

Discussion

This is the first study using phage display to select H. contortus
peptide mimotopes. This technology allowed mimotope
selection for displayed peptides, using polyclonal serum of sheep
naturally infected with H. contortus. The molecules bound to
pathogen antibody are antigenic mimotopes of the pathogen

(GAZARIAN et al., 2011). The ability of selected peptides to act

as antigenic mimotopes was confirmed by serum analyzes against
chemical peptides (GAPDH and/or Dim 1). We observed that
IgG of animals naturally infected were able to recognize and bind
to these peptides. The best results were for GAPDH, where only
one sample had an IgG titre less than the cut-off.

In this study, after four selection rounds of biopanning, the
bioinformatic analysis revealed two phage clones containing peptides
with homology to GAPDH (clone 6) and Dim 1 (clone 17) proteins
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of H. contortus. Researchers have analyzed the immunogenic
potential of many H. contortus molecules and immunoproteomic
studies have already demonstrated that 23 immunogenic proteins
are shared between males and females of H. contortus. These
molecules include homologous of Dim 1 and GAPDH, among
others (YAN et al., 2010).

GAPDH and Dim 1 are important vaccine candidates.
In addition to their immunogenic potential, they perform important
functions at cellular level. GAPDH is an enzyme crucial for energy
production, in glycolysis and glyconeogenesis (NICHOLLS etal.,
2012). It has also been related to other intracellular (SIROVER,
2011) and extracellular (GOMEZ-ARREAZA et al., 2014)
functions. According to Han et al. (2012), this molecule is a major
therapeutic candidate for vaccines and a target for chemotherapy
treatment against several parasites. Dim 1 is a structural protein
located in the muscle cell membrane region, around and between
dense bodies. It performs a key role in stabilizing the thin filament
components of the sarcomere (YAN et al., 2013). Thus, an
immunological response generated against these molecules might
protect the animals against H. contortus infection.

In the in vivo assay, animals of both immunized groups
GAPDH and Dim 1 presented IgG titers against M13 phage.
The IgG increase followed the same pattern in both GAPDH and
Dim 1 groups, with a peak after the last immunization. However,
despite the sequence similarities to the immunogenic molecules
of H. contortus (YAN et al., 2010), the peptides displayed by the
phage did not promote specific IgG titers. It is important to note
that the sequence displayed on the phage surface consisted of
only 7 amino acids in linear conformation, being a small peptide
compared to the full phage surface. Cui et al. (2013) observed
significant immune responses and protection against 7. spiralis
infection in mice immunized with phage. However, they used a
recombinant phage system, which displayed a 202-aa polypeptide.

To date, sheep immunization with phage displaying mimotopes
has been reported only for £ hepatica. For this, animals were
immunized at week 0 and 2 with 1x10' phage particles expressing
7-aa mimotopes and challenged with 300 metacercariae, 4 weeks
after immunization. The mean worm burden was reduced by
47.61% and the egg viability from 58.92 to 82.11%. The animals
produced specific antibodies after the metacercariae challenge
(VILLA-MANCERA et al., 2008).

Another study with a similar design had sheep receiving
1x10"* phage particles (12-aa mimotopes) and challenged with
300 metacercariae 4 weeks later. The worm burdens and FEC were
reduced by 51.7 and 45.7%, respectively (VILLA-MANCERA &
MENDEZ-MENDOZA, 2012). In our work, the animals were
immunized with phage expressing mimotopes of GAPDH or
Dim 1 (7aa) but there was no reduction in FEC or worm counts,
indicating the absence of a protective effect. A DNA vaccine
encoding Dim 1 antigen against H. contortus reduced the FEC and
worm counts of goats by 47.5 and 51.1% respectively (YAN etal.,
2013). Similarly, a GAPDH DNA vaccine reduced FEC and worm
count by 34.9 and 37.7%, respectively (HAN etal., 2012). These
studies support the immunogenic potential of these molecules.

Eosinophils also have an important function in immune
responses against helminth infections, and are often associated with
resistance to parasite infections in sheep (PFEFFER et al., 1996;
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PATNODE etal., 2014). In our work, eosinophils and the other
leukogram parameters did not reveal any difference throughout the
experimental period. Yan et al. (2014) evaluating a H. contortus
actin DNA vaccine in goats failed to detect differences in the
eosinophil, neutrophil, basophil and monocyte counts before
L3 challenge. However, after the challenge of 5000 L3 infective
H. contortus, only eosinophil counts were significantly increased.

Santos etal. (2014) tested a single infection with 4000 L3, and
one week later the challenged groups presented significantly higher
eosinophil numbers. However, there was a gradual decline in the
average values, until the end of the trial. In the same experiment,
they observed an increase in the eosinophil average in serially
infected groups (3 times a week, from day 0 — 25 of the trial
with 500 L3). Values significantly higher than the control group
were observed on days 14, 21, 25, 28, and 32 with the peak of
eosinophil counts on day 25. They concluded that the animals
developed this high protection after being consecutively challenged
with H. contortus. The authors reported that immunity against
the parasite was not easily elicited other than after the prolonged
infection. In our study, we used a single challenge infection with
2500 L3, and that may have been reflected in the failure to see
an increase in eosinophil counts.

Itis important to emphasize that the development of immunity
to H. contortus antigens is complex and highly variable. It depends
on the host-parasite interaction, which is influenced by many
factors, following an intrinsic and extrinsic relationship (TAK etal.,
2015; NISBET et al., 2016). In our trial, the two mimotopes
selected by phage display failed to protect, and neither induced
a distinct immune response in the animals. The peptides reacted
with polyclonal antibodies in serum from sheep naturally infected
with H. contortus, but were not immunogenic when carried by
the M13 phage, even though the two selected clones had high
sequence similarity to Dim 1 and GAPDH of H. contortus.
Our data highlight the importance of new studies to evaluate
specific peptides from parasites.

Conclusion

The phage display library was successfully used to identify
H. contortus mimotopes. The selected clones revealed relatedness
to Dim 1 and GAPDH of H. contortus proteins. The peptides
were recognized by several sera from sheep naturally infected
with H. contortus, indicating their potential use as a diagnostic.
The sheep immunized with phage displaying the mimotopes did
not develop protection against the parasite.
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