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ABSTRACT

Avian IgYs are polyclonal antibodies resulting from humoral adaptive immune responses.
With perspective for many application, IgYs are considered the most versatile biomolecule,
able to be used as alternative in biomedicine and as diagnostic tool. Because they are
inducible, these antibodies could be produced to potentiate the recognition of relevant
clinical pathogens such as Leishmania mexicana. In this investigation anti Leishmania
mexicana IgYs were obtained by inoculation of inactivated promastigotes in brown
Lohmann hens, at different periods. Twenty-four per cent of the eggs were randomly
selected for processing. IgYs were precipitated by Ammonium Sulfate and purified by affinity
chromatography. Immunoglobulins with 175 kDa, complete structure, and a concentration
of 6.3 mg/mL per yolk were obtained. The most reactive antibodies corresponded to
week 8 (W8). These IgYs were tested for specific recognition of their target parasite, using
structural and proteins viral as GP63 in Western Blot. Also, they identified concentrations of
parasite antigen of 5 and 50 pg/mL with maximal antibody dilution of 1:2000 in ELISA. The
IgY-mediated immunodetection offers this as solution to the necessity of anti L. mexicana
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antibodies for diagnostics and immunotherapy research.

Introduction

Proteins have played an important role in new medicine, because
of their functions and applications. The benefits of proteins have
been described as safer and more effective medical molecules, in
this study we will focus on antibody properties such as antigen
binding and immunoreactivity [1]. Antibodies are commonly used
to control and neutralize many microorganisms and their toxins,
for that reason, thanks to avian immunization, a considerable
amount of specific antibodies could be isolated [2]. Since 1996,
IgY production has been validated as an efficient alternative to
traditional protocols using small mammals [3]. Taking advantage
of this, particular antibodies could be obtained, even those
complex antigens for mammals [4].

In another way, uncontrolled parasite requires action in certain
aspects, referring to diagnostic methods and effective anti-
parasitic drugs [5]. Around the word, leishmaniasis is qualified
by WHO (World Health Organization) as a neglected disease,
reported in 89 countries [6]. Particularly, in South America, an
estimated total of 17 countries where this endemic disease
has increased the number of clinical cases [7]. In this context,
cutaneous leishmaniasis is the most common leishmaniasis,

affecting 95% of 12 million cases worldwide [8]. One of the most
common Leishmania protozoa is known as Leishmania mexicana,
causing cutaneous leishmaniasis as well as visceral leishmaniasis
in particular cases [8].

However, the early diagnostic test and effective drugs are not
available nowadays. Antimonials are prescribed as first-line
treatment, but are linked to serious side effects, such as toxicity
and resistance [7]. For that reason, the demand of new therapy
is emerging, proposing antibodies as prophylactic method and
also increasing the diagnostic capacity for future designs like
the rapid lateral flow test for cutaneous leishmaniasis, to detect
Leishmania parasites [9].

Facing this information, the production of anti-parasitic antibody
could be easier and more effective by the implementation of IgY
technology, providing specific IgY against Leishmania mexicana.
These polyclonal antibodies could be isolated in high quantities
and qualities, furthermore the specificity of recognition could
lead to the application of an alternative diagnostic test like
Western Blot and ELISA.
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Materials and Methods
Antigen Production

Leishmania mexicana in promastigote state, was cultivated in
Drosophila Schneider medium. This parasite culture was provided
by Cell Culture Laboratory of Immunology and Virology Laboratory
from Universidad de las Fuerzas Armadas ESPE. The pure culture
was washed and concentrated by centrifugation at 4500 RPM
for 10 min. A promastigote concentration of 1x107 cells/mL was
combined with 250 pL of PBS 1x sterile buffer and heat inactivated
for 90 minutes. Once done, antigen was combined with Freund
complete adjuvant (F5881, Sigma Aldrich) %v/v (1:1) for the first
inoculation shot. Afterwards antigen was combined with Freund
incomplete adjuvant (F5506, Sigma Aldrich) %v/v (1:1) for the
consequently inoculations.

Chicken Inoculation Model

Four 18 weeks old Lohmann Brown animals, were distributed
in 1m2 individual cages distributed in control (n=1) and treated
animals (n=3). They were provided with chicken feed, disinfected
water as needed and cleansing area every day until the end
of the experiment to prevent adverse infections. Once they
were adapted to the cages, the inoculation procedure started,
performing it once a week, using inoculation-latency-inoculation
periods. For the first phase, inoculation was structured into five
continuous immunization, seven days apart of each dose. The
second phase, latency, had no immunization for three continuous
weeks. Then a last inoculation to boost the immune reaction,
was performed in 9™ week, with a final latency state, without
immunization dose until the end in 11* week (Figure 1).
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Figure 1: Inoculation model in chickens for IgY production, using
inactivated L. mexicana promastigote as

Puncture area was selected as discussed in Oliviera Montini; 2017
[10]. Using intramuscular route, in the upper pectoral region
with 1mL syringe and 28g % inches needle. For each protocol,
muscular area was disinfected with 70% ethanol and during the
antigen administration the dose was injected slowly as possible.
For protein analysis, all eggs were collected since the start of the
chicken inoculation process. Animal welfare was ensured, after,
during and in final protocol.

Antibody Isolation and Purification

Random selection was performed, leading to purification of paired
egg samples from each relevant week, due to the high total
number of eggs collected. Each egg yolks were combined with
delipidant solution of apple pectin 0.1% w/v (9000-69-5, Sigma
Aldrich) in 1:8 proportion [11]. The solution was homogenized,
pH adjusted to 4.5 and centrifuged at 4500 RPM for 1 hour.
Aqueous phase was separated from lipid pellet and delipidated
again if it required. Aqueous phase was conserved in 4°C, until
protein precipitation.

For protein isolation, saturated Ammonium Sulfate (1012175000,
Emsure) solution (4.1 M, pH 7.5) was prepared [12]. Aqueous
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phase was mixed by adding of Ammonium Sulfate solutionin 1:1
proportion. The final solution was homogenized and centrifuged at
4500 RPM for 1 hour. Protein pellet was recovered and suspended
in 0.02 M and pH 7.5 PB sterile buffer.

For Y immunoglobulin isolation, HiTrap IgY purification affinity
column was used (17511101, GE healthcare). Protein pellets were
combined with Binding solution (0.02 M PB buffer; (NH4)2504
1M; pH 7.5) in 1:5 proportion. Pool protein was filtered through
the column and washed with Binding Buffer. Consequently, IgY
antibodies were obtained with Elution Buffer (0.02 M PB; pH 7.5),
this fraction was retrieved and stored at 4°C. Finally, column was
cleaned with Cleaning Buffer (0.02 M PB buffer; 30% isopropanol
v/v; pH 7.5) and equilibrated.

IgY obtained from purification was quantified with BCA kit
protocol (BCA1 y B9643, Sigma Aldrich) using albumin protein
standar from 0 to 1000 pug/mL (9048-46-8, Sigma Aldrich). In 96
well plates, samples were distributed and added BCA working
solution. Results were readed by spectrophotometer at 570 nmin
Multiskan Fc microplate photometer (51119000, ThermoFisher).

IgY Immunoglobulins Characterization
Western Blot for IgY Purified Protein

For this committed a vertical SDS electrophoresis was performed,
using 8% v/v acrylamide-bis acrylamide 19:1 (79-06-1, Sigma
Aldrich) loading gels. 50 ug/mL IgY protein concentration samples
were combined with loading buffer, then denaturalized by 100°C
heat shock for 10 minutes. Electrophoresis conditions were
stablished as 110 V and 400 mA for 45 minutes.

As part of this, protein transfer was performed in semi dry
Trans Blot Turbo (1704150, Bio Rad), from acrylamide gel to
nitrocellulose membranes. Proteins were transferred with three
cycles with 25 V and 2.5 A for 8 minutes each.

After proteins had been fixed in nitrocellulose membranes, the
blotting was performed by blocking solution with no fat milk 5%
w/Vv (sc-2323, Santa Cruz Biotechnology) in TBS buffer, incubating
membrane overnight at 4°C. Membrane was washed three times
with Tween 20 0.1% v/v and TBS buffer for 10 minutes each.
Membrane was incubated with direct antibody IgG rabbit anti
chicken HRP conjugated (A9046, Sigma Aldrich), for one and
half hour and washed in the same conditions before mentioned.

To reveal Chemiluminescence, luminol and peroxide (Clarity
Western ECL Substrate, 170560, Bio Rad) were mixed in a ratio
of 1:1 and applied directed to membrane. Finally, membrane
was reveled with C Digit Blot Scanner and the image observed
in Image Studio Lite with High sensibility.

Western Blot and ELISA for Parasite Antigen

To evaluate IgY anti Leishmania mexicana immune recognition
capacity, Western Blot and ELISA were performed using a parasite
as antigen as well as Leishmania braziliensis and Leishmania
infantum. Escherichia coli, Salmonella enteritidis, Staphylococcus
aureus and Trypanosoma were also lysed to perform cross
reactivity ELISAs.

The Western Blot were carried out using 10% acrylamide-bis
acrylamide loading gel, and by loading 25 pug/mL of antigen
parasite, parasite membrane protein as the protocol described
by Malaga-Machaca, Romero-Ramirez and just for L. mexicana
pure promastigote parasite [13]. Continuing, SDS electrophoresis
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was performed with 110 V, 400 mA for two hours as conditions.
Then, nitrocellulose membrane protein transfer was performed
as described early and the resulting membrane was run to blot.

First, blocking membrane with no fat milk 5% w/v solution for two
hours at room temperature, then the membrane was washed 5
times for 10 minutes each, with Tween 20, 0.1% diluted in TBS
buffer solution. Second, the membrane was incubated with IgY
anti Leishmania mexicana in 1:1000 proportion with no fat milk
2.5% w/v solution as primary antibody. The incubation lasted
overnight at 4°C. After, the membrane was washed and incubated
with IgG rabbit anti chicken HRP conjugated in a proportion
1:20000 for two hours. Finally, the membrane was washed again
and prepared for Chemiluminescence.

To reveal the membrane, luminol and peroxide 1:1 solution was
applied directly to the membrane and scanned in C Digit Blotting
Scanner with high sensibility.

For the ELISA protocol, a 96 well plates with high binding (CLS3590,
Sigma Aldrich) were used. The plate was sensitized with lysed
parasites and bacteria respectively, using different concentration
gradients. For this commitment, antigens were diluted in 0.1 M
Carbonate Bicarbonate buffer pH 9.6 and distributed per well
and incubated overnight at 4°C, then washed with Tween 20
0.05% v/v in PBS 1X buffer solution. Subsequently, the plate was
blocked with no fat milk solution 5% w/v diluted PBS 1X buffer
and incubated for two hours at 37°C. Forimmunoblotting, IgY anti
Leishmania mexicana in concentration gradients were prepared in
no fat milk 2.5% w/v in PSB 1X buffer, these were applied following
a plate design and incubated for two hours at 37 °C, washed and
prepared to the final antibody incubation. As second antibody,
IgG rabbit anti chicken HRP conjugated was prepared in 1:30000
proportion in no fat milk 2.5% w/v solution, and incubated for
two final hours and washed. To reveal results, ABTS (A9941, Sigma
Aldrich) as substrate was applied and incubated for one hour at
37°Cand the plate was read with spectrophotometry at 405 nm.

Statistics and Graphics

All tests were analyzed with Graph Pad Prism 6, for two ways
ANOVA, multiple comparison with Tukey tests and finally ROC
tests.

Results
Chicken Inoculation

Eggs production was assessed after each inoculation. Referring to
(Figure 3), during two and a half months of inoculation treatment,
no difference was detected in animal’s normal oviposition. The
peak egg production was achieved in weeks three and four.
Despite having considerable number of samples, only the 24%
by random selection were processed.

Antibody Isolation and Purification

BCA IgY protein quantification provided the following results
(Figure 4). IgY increased in the inoculated compared to the
control group, achieving average protein concentrations greater
than 2mg/mL. During the inoculation phase, from W1 to W5,
the IgY increased and was maintained constant. For the latency
phase during W7 and WS, still a slight increase was observed.
Nevertheless, in W9 with booster immunization, it generated
the higher IgY concentration reaching the 6.3 mg/mL. In the
final latency phase, the concentration of IgY decreased, even
though it wasn’t less than 4 mg/mL and maintained constant.
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Notwithstanding a high concentrations in W9, greater than the
rest weeks, no significant difference was detected using Tukey
multiple comparisons. With these optimal concentrations, other
protocols were assessed, as described in summary in (Figure 2).
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Figure 2: IgY obtention summary and consequent assay use in
different protocols
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Figure 3: Final egg quantification for each group, control and
inoculated chickens, to observe differences before, after and
during inoculation. No difference was detected and both groups
had similar egg production. Reference: W= week; n= number of
animals; CG= control group; IG= Inoculation group.
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Figure 4: IgY protein quantification by BCA kit after purification
classified by weeks

IgY Structure With Direct Western Blot

The resulting images obtained from Chemiluminescence, were
analyzed in Image Lab Software 6.0.1. As seen in (Figure 5), IgYs
from the most relevant weeks were loaded to evaluation, from
one to eleven week. In all samples, complete immunoglobulin
structure was observed. First of all, high chains corresponded to
67 kDa. Second, light chains were observed in 35 and 22 kDa as
result of denaturalization process. Finally, small IgY fragments
were located with 15, 17 and 18 kDa. Therefore total IgY molecular
weight had a mean value of 170 and 175 kDa.
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Table 1. Molecular weight analysis of each band detected during
indirect Western Blot for L. mexicana, L. braziliensis and L.
infantum using IgY anti L. mexicana as primary antibody.

Leishmania mexicana

Sonicated parasite Denatured pure Membrane protein
promastigote
Band kDa Band kDa Band kDa
1 105,2 1 98,3 1 107
2 88,6 2 71 2 88,6
3 63,2 3 49 3 43,7
4 48 4 43
Figure 5: Chemiluminescent direct Western Blot for IgY anti L. > 42 > 38
mexicana. From left to right, PS: Precision plus protein, all blue |6 30 6 30
pre stained protein stander. C: I1gG anti Chicken. W: week from |7 20 7 20
one to eleven. - - — - —
Leishmania braziliensis Leishmania infantum
Sonicated Membrane Sonicated Membrane
Indirect Western Blot with IgY anti Leishmania Mexicana as | Parasite protein parasite protein
Primary Antibody Band | kDa Ban- | kDa Band | kDa Band | kDa
da
IgY anti L. mexicana h i r nizei r ntigen
v%,/elzlﬂa‘;-I L. br:ziﬁZnZis 2?1;1??;2;3 nf C Esgpec(?arlsytforg ?t ra}tet:agfanzf 100 ! 43,3 98,3 93,3
IgY antibodies recognized many parasitic proteins as shown in 2 46,2 632 |2 84,1
(Figure 6), and described in Table 1. At least seven proteins were 41,8 41,8

detected, one of them being linked to GP63, Leishmania virulence
related protein. For both samples, sonicated and promastigote
parasite, IgY detected the highest amount of antigen. By contrast,
if the antigen was just membrane protein, IgYs were specific
enough to detect particular epitopes.
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Figure 6: Chemiluminescent indirect Western Blot, detecting L.
mexicana with IgY against parasite target. From left to right: 1.
Precision plus protein, all blue pre stained protein stander, 2. L
mexicana lysed, 3. L mexicana pure promastigote denatured, 4.
L mexicana membrane protein, 5. L. braziliensis sonicated, 6. L.
braziliensis membrane protein, 7. L. infantum sonicated, 8. L.
infantum membrane protein.

However, homologues proteins were identified between the three
Leishmania species. The most relevant result was the recognition
of the 63 kDa antigen between L. mexicana and infantum, but
not in L. braziliensis sample.

However, homologues proteins were identified between the three
Leishmania species. The most relevant result was the recognition
of the 63 kDa antigen between L. mexicana and infantum, but
not in L. braziliensis sample.

Indirect ELISA for Qualitative L. Mexicana Recognition

As previously mentioned, antigen gradient concentration was
evaluated, from the highest to the lowest sonicated parasite
concentration. All antibodies evaluated corresponding to different
weeks after immunization provided affinity to the target parasite.
As result of continuous chicken inoculations, the IgY ability to
recognize increased over time, as shown in (Figure 7) where
recognition was higher with W11 antibodies, than with those
of W1. In this context, the maximum detection capacity was
obtained with IgY corresponding to week eight, referring to
significant difference results with p value less than 0.05.
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Figure 7: Indirect ELISA results with IgY anti L. mexicana for
parasite antigen. Tuckey Test for multiple comparison with p=0.05
resolved: # Significant difference with IgY recognition between
Control week and W8, W9 and W11 (p<0.0001; p=0.0032;
p=0.0013). & Significant difference with IgY recognition between
W1 and W8, W9 and W11 (p<0.0001; p=0.0064; p=0.0026). %
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Significant difference with IgY recognition between W3 and W8
(p=0.0028). References: OD: optical density, W: week.

The Tukey Test p=0.05 for a multiple comparison in order to
analyze the optimal concentration of antigen showed the best
recognition with 50 pug/mL and the lowest with 5 pg/mL of
sonicated L. mexicana. The difference was mainly observed with
antibodies from W8 (p= 0.013) and from W11 (p=0.029), but
graphically observed since IgY in W3 (Figure 7).

This test generated a cutoff value of 0.17 OD an AUC of 0.82
(p value= 0.0015), a sensibility and specificity of 88 and 50%
respectively. Finally, a two-way ANOVA, revealed a highly
significant influence among time and the IgY antigen detection
capacity with a p value less than 0.0001.

For application purposes, the maximum and minimum functional
dilution of the antibody were tested, knowing that the most
specific antibodies correspond to week 8. Dilutions from
1:50 to 1:5000 with a gradient from 5 to 15 pg/mL of antigen
showed the following results in the indirect ELISA test (Figure
8). In comparison, the highest dilutions 1:4000 and 1:5000 had
the lowest detection capacity, which were equivalent to the
detection of the IgY Control. For that reason IgY can be functional
in dilutions from 1:50 to 1:2000. Additionally, between 1:500
and 1:1000 dilution didn’t show any significant difference in
recognition of L. mexicana, suggesting these concentrations for
further applications.
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Figure 8: Maximal and minimal functional dilution of IgY anti L.
mexicana assayed in indirect ELISA for its antigen. Tukey test for
multiple comparison shown: # Significant difference between
IgY Control and dilutions from 1:50 1:2000 (p< 0.0001). & No
significant difference between IgY 1:500 and IgY 1:1000 dilution.

Indirect ELISA for qualitative recognition of other Leishmania
species

L. braziliensis as well as L. infantum were detected by IgY anti L.
mexicana. Ensuing the previous ELISA results, W8 and W11 IgYs
in 1:1000 concentration was used, generating results in (Figure 9)
For L. braziliensis either IgYs from W8 or W11 were able of detect
this species of parasite, but detection was stronger when parasite
concentration was higher, providing a significant difference for 15
pug/mL p value <0.0001 (Figure 9A). However, with L. infantum,
it could be detected with minimum antigen concentration of 10
to 15 pg/mL but recognition was more effective with IgYs from
W8 (Figure 9B).
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Figure 9: Indirect ELISA results using IgY anti L. mexicana to detect
other Leishmania species as L. braziliensis and L. infantum. W:
week

For this test threshold value gave 0.02 OD, and an AUC of 1 with
p value < 0.0001.

Cross Reactivity of IgY anti L. Mexicana Against Enteric Chicken
Bacteria

As result of the characteristics of polyclonal antibodies, its
capacity to detect current bacteria in the microbiota was assumed
to be similar. Therefore, a prior “blocking process” was applied,
where the IgY antibodies were incubated with bacterial antigen
and obtained further purified immunoglobulins, remaining the
most specific anti L mexicana IgY. The indirect ELISA results are
demonstrated in (Figure 10).
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Figure 10: Cross reaction evaluated with indirect ELISA using IgY
anti L. mexicana with enteric bacteria as antigen.

Non-blocking IgY detected parasite as well as bacteria accordingly
to polyclonal nature. Therefore, after the blocking process, the
ability to detect bacteria was decreased, and the specificity of L.
mexicana was dramatically increased from 0.1 OD to a maximum
0.22 OD, twice detection specificity.

Cross Reactivity Using IgY anti L. Mexicana for Trypanosoma
Parasite

L. mexicana correspond to the Trypanosomatida family like
Trypanosoma parasite. For this reason, IgY anti L. mexicana was
used in indirect ELISA to identify its immunogenic capacity to
detect homologous proteins. In (Figure 11), the results displayed
specificity of IgY anti L. mexicana to its antigen, due to the low
recognition to Trypanosoma. In percentage, IgYs had a 26% of
cross-reaction to Trypanosoma at concentrations above 10 pug/
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mL. A significant difference was obtained comparing L. mexicana
detection with the three different Trypanosoma concentration
10, 15 and 20 pg/mL, and generating p values of 0.016; 0.015
and 0.036 respectively.

Antigen concentration
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Figure 11: Cross reactivity evaluated with IgY anti L. mexicana
for detection capacity of other parasites from Trypanosomatida
family as Trypanosoma. * Significant difference between L.
mexicana detection with Trypanosoma in 10, 15 and 20 pg/mL
concentrations (p value= 0.016; 0.015 and 0.036)

The cutoff value for this test was set 0.021 OD, validating only L.
mexicana as a positive detection. Finally, an AUC of 0.92 obtained
with a p value of 0.0007.

Discussion

Inoculation of Lohmann Brown hens with a parasitic antigen
has proven to be an effective alternative to obtain a continuous
source of antibodies [14]. A single hen, ideally, could lay at least
300 eggs during its lifetime and these could be kept for a year at
4°C to preserve IgY concentrations and biological function [15].

Some differences were evident in the posture of the eggs. Low
egg production during initial phase may be linked to adaptation
of the animals to small areas as Campbell, Lee mentioned [16]. To
prevent periods without available samples, a quarantine period
has been defined for the control, ensuring the acclimatization
of the animal. Before this period, the number of eggs increased
and favored the collection of samples (Figure 3 ).

The adaptation to cages is not only linked to space, but also
with recreation objects, food and water dispensers. The closer
the feeders, the more the ingested food, guaranteeing correct
nutrition during the laying cycles [16]. The water was also
considerate, for this reason, it was disinfected weekly with
veterinary products of iodine and chlorine, to prevent intestinal
infections which could impact on the animals and the results of
the investigation.

The sexual maturity in chickens develops during 18 and 24 live
weeks, which is important fact to ensure oviposition and IgY
concentration in egg yolks [17,18].

The efficient production of antibodies depends of several factors
like immunological strengthening, age and physiological state.
As Olah, Nagy said, over-aged chickens may have an ineffective

fabricious Bursa to produce enough immunological cells [19].
Animal nutrition is also essential to stabilize daily energy quote in
order to maintain immunological reactions, as well as to produce
whole eggs with considerable protein concentrations [10]. During
the adaptive immune response, nutritional requirement increases
and decrease only when adaptive signaling is fully activated [20].

The route of inoculation used in this investigation was
intramuscular with temporal frequencies of seven days with
different phases. Proceed with a total of six inoculations starting
with a complete Freund’s adjuvant and succeeding with incomplete
Freund’s adjuvant. These adjuvants are used to potentiate antigen
immunogenicity, releasing antigen continuously in the animal
system to ensure the immune responses linked to the titers
antibodies in blood [21]. In this way, adjuvants are a relevant factor
to the optimal production and to obtaining immunoglobulins
[10]. This efficacy has been proven during memory and adaptive
immune responses to produce IgYs, as seen in latency phases in
(Figure 4).

According to other authors such as: Grando, Baldissera,
Esmailnejad, Abdi-Hachesoo and Montini, Fernandes, the
intramuscular route has proven effective for this experimentation,
considering that subcutaneous and intradermal route could
also be attempted, but IgY production could be equivalent in all
three [10,17,22]. The characteristics of the antigen are crucial for
active immune responses, for parasite and complete cells, the
intramuscular route is recommended, which is demonstrated by
using hole L. mexicana parasite and heat inactivated [10].

Inoculation frequencies are also a factor in the production of
antibodies. IgY has half time in plasma of 4.1 days, for this reason,
inoculations were produced every seven days as Schade, Calzado
suggests, supporting a continuous production of IgY [3,23].

The adaptive immune responses are generated by two different
pathways, one of them the humoral adaptive signal, responsible
for the production of immunoglobulins and the other, cellular
adaptive signal where macrophages, B and T lymphocytes appear
[24]. In this protocol, B lymphocytes were activated, proliferated
and stimulated for the production of antibodies in memory
response by simply using animal immunizations [25].

Normal IgY concentrations in eggs are 5 mg/mL and these could
be concentrated 1.7 times in yolks [26]. According to Grando,
Baldissera on average, IgY could be obtained at 8.5 mg/mL per
egg yolk and according to Esmailnejad, Abdi-Hachesoo IgY could
reach a maximum value of 25 mg/mL. In our results, IgY had a
maximum mean titer of 6.5 mg/mL. This determine an increment
of three times compared to IgY control, resulting in a higher
increase than reported from Murai [17,22,26].

The results presented in this trial agree with the report by
Hartle, Magor, where is mentioned that IgY could be obtained
in a concentration between 5 and 7 mg/mL and that the IgY in
yolk would be proportional to IgY in blood plasma [27]. Amro,
Al-Qaisi have also reported the existence of chicken breeds
with stronger immune responses to antigens, resulting in larger
antibody titers [15].
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As Grando, Baldissera IgY production described for Trypanosoma
cruzi, Pure tripomastigote in 1x104 parasite concentration
was used and it was enough to raise antibodies. Meanwhile,
in this study, a parasite concentration of 1x107 promastigote/
mL was applied inactivated as an antigen, considering a higher
concentration than the used for T. cruzi [22].

Schade, Calzado indicate for a memory-related humoral immune
response, it must be developed in time intervals of 10 to 15 days,
this evidence responded to our increase in antibodies after the
latency phase and the booster inoculation in W9, being sufficient
to trigger rapid production of IgY and maintenance up to W11 [3].
The antigen-specific IgYs are found in egg yolks since the fourth
or sixth day after the first immunization in accordance with the
results presented, because after week 1 and all weeks remaining,
antibody concentrations were higher than Control IgY [27, 28].

A combined process of isolation and purification to obtain the
maximum concentration of antibodies, was used taking into
account the criteria of purity and biological activity [29]. The
process started with yolk delipidation with apple pectin which
released the most IgYs in the aqueous phase. In combination,
natural gum and pH solution guarantee the recovery of antibodies.
Pectin interacts with polysaccharides and egg yolk lipoproteins
by ionic reactions, hydrophobicity and Hydrogen bonds, for this
reason, pH is so important to gelling and precipitating lipids [11].

To precipitate proteins in the aqueous phase, Ammonium sulfate
(NH4)2S04 , has been effective concentrating and maintaining the
biological activity of antibodies [29] but it has reduced the purity
of 1gY, for that reason an affinity chromatographic column was
applied [11]. The HiTrap column generates a thiophilic reaction
mediated by 2 mercapthopiridine as ligand [30]. In our results,
we obtained a recovery 70%, as indicated by the column insert.

In relation to the structure of immunoglobulins, we have identified
the mean IgY components like heavy chains, light chains, heavy
and light variable regions and CDR regions [4,31]. IgY remains
together by disulfide bonds and glycosylation sides [31]. Other
bands were observed in Western Blot (Figure 5) with molecular
weights of 15, 18 and 17 kDa. These resulted by fragmentation
in denaturing process. One could be associated with a heavy and
light variable region due to its weigh of 25 kDa in monomeric
antibodies [31].

IgY anti L. mexicana presented specificity to its antigen exposing it
in different ways such as pure promastigote, sonicate parasite and
membrane protein. Although by IgYs polyclonality, L. braziliensis
and L. infantum were detected in Western Blot (Figure 6). Just for
L. Mexicana, proteins of 48 and 49 kDa were detected possibly
corresponding to B tubulin, also observing it fragmented into
20 kDa [32]. The 30 kDa protein band could refer to GAPDH
fragment and 38 kDa to the complete structure [32]. In relation
with GAPDH, it is obvious detected in sonicated and denatured
parasite, because it is a metabolic and no constitutive protein and
it doesn’t appear in the sample of membrane protein.

A membrane protein study done by Lynn, Marr, specified the

existence of a common GP63 membrane protein between L.
mexicana and L. infantum expressed in promastigote state [33].
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This is relevant for our study, because in these species IgY anti
L. mexicana recognized a protein with 63 kDa molecular weight
and could be compared to the virulence protein responsible for
the evasion of fagolisosoma lysis [33].

The phylogeny reports, present the idea that due to the
evolutionary events of expansion, GP63 could be different in
three families of parasites. That is the reason why GP63 in L.
braziliensis is a distinct protein that the common in L. mexicana
and L. infantum [34]. For this reason, no 63 kDa protein was
detect in L. braziliensis.

For L. infantum as reported by Brotherton, Racine, proteins
of molecular weight greater than 100 kDa could be linked
to extracellular membrane receptors, or to 88 kDa with
transmembrane proteins like GP116 [35].

ELISA tests are considered to be one of the protocols for detection
and quantification with mayor sensibility in immunodiagnostic
[36]. This technique is based in antibody affinity to its antigen,
because antibody cannot bind to anything else [37]. As seen in
ELISA results, the affinity of the IgYs increased respect to time,
observing a stronger recognition reaction in W8, W9 and W11.
This underlines the humoral stimulation related with memory
and specificity [37].

According to ELISA results in (Figure 7), the ROC test provide an
AUC of 0.82 explaining a discrimination capacity of 82%, this value
is acceptable between the range as described by Fan, Upadhye
[38]. Threshold value proposed by Lardeux, Torrico [39], 0.17
OD determined the positive recognition of L. mexicana with
antibodies of weeks 5,8,9, and 11.

For maximum and minimum ELISA detection capacity (Figure 8),
as pointed out by Cakir-Koc the dilution of anti-Toxoplasma gondii
IgY less than 1:3000, capacity detection of antigens decreased
considerably [40]. As we also see in IgY anti L. mexicana and
proposed an ideal concentration of 1:500 or 1:1000.

As expected, polyclonal antibodies could interact with homologous
proteins for this reason not only L. mexicana is recognized, but
also L. infantum, because between them only 26% of proteins are
different and the remaining 86% correspond to proteins homologs
and could be detected as happened in ELISA (Figure 9) [33].

Referring to the cross-reactive ELISA, enterobacteria as
Escherichia coli and Salmonella enteritidis are the most common
microorganism found in poultry, which causes many difficulties
in this industry, in addition to affinity, the blocking process
could reduce bacterial detection and increase the recognition
of L. mexicana (Figure 10) [17]. In the end, a strong affinity was
observed with Staphylococcus aureus but this is not caused by
homology relationship between Leishmania, it could be linked to
a previous interaction between animals and bacteria developing
memory immunogenicity [41].

Finally but no least important, L. mexicana and T. cruzi belong to
the same parasite family: Trypanosomatidae, both responsible for
neglected tropical diseases, carried out in a vector — vertebrate
host cycle and escape the immune system by different mechanisms
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[42]. Leishmania interacts with different major surface proteins like
GP63, Lipophosphoglycan LPG or Glycosyl inositol phospholipids
GPIs with host cells. In contrast, Trypanosoma interacts with
gp82, gp35/50 and GPIs. As a result, IgY anti L. mexicana may
be able to recognize homologous proteins, but these are not
sufficiently similar to be detected. As shown in (Figure 10), only
the recognition of L. mexicana was considered positive and
demonstrating the specificity of IgY.

Conclusions

In summary, Leishmania mexicana inactive promastigote was
sufficient to be used as an antigen for Lohmann Brown laying
chickens, applying it intramuscularly in an eleven weeks model.
Antigen developed a successful immunological boost to produce
Y immunoglobulins with considerable quantities, effectively taken
from those concentrated egg’s yolks by maternal transfer and
providing eggs as antibody resource.

Maximum concentration of IgY was obtained from week 9, which
gave an average of 6.3 mg/mL per yolk, these results were obtained
using effective standard methods like pectin delipidation, protein
precipitation with Ammonium sulfate and thiophilic purification
with affinity liquid chromatography. Demonstrating how the
isolation could be effective in both ways, quality and quiantity.
For structure analysis, IgY had a final molecular weight of 175
kDa with complete conformation: heavy chains (67 kDa) and Light
chains (35 and 22 kDa), indicating the most relevant antibody
characteristics.

Immunoglobulins Y had the ability to recognize L. mexicana, with
a minimal concentration of 5 to 50 pg/mL. The most effective
antibodies were obtained from week 8 and 11, working in
solutions until 1:2000 for Western Blots and ELISAs, effectively
working because of their antigen specificity. Finally, the antibodies
were able to recognize constitutive, metabolic and pathogenic
proteins of the parasite like B globulin and GP63. An affinity with
other Leishmania species has been observed, mainly with L.
infantum because it corresponds to the same evolutionary family
and due to policlonal antibody characteristic.

References

[1] Parr MK, O Montacir, H Montacir. Physicochemical
characterization of biopharmaceuticals. Journal of
pharmaceutical and biomedical analysis, 2016; 130: 366-389.

[2] Taha M, AlmeidaMR, e Silva FA, DominguesP, Ventura SPM,
et al. Novel biocompatible and self-buffering ionic liquids
for biopharmaceutical applications. Chemistry—A European
Journal, 2015; 21: 4781-4788.

[3] SchadeR, Calzado EG, Sarmiento R, Chacana PA, Porankiewicz-
Asplund J, Terzolo HR. Chicken egg yolk antibodies (lgY-
technology): a review of progress in production and use in
research and human and veterinary medicine. Altern Lab
Anim, 2005; 33: 129-154.

[4] ZhangX, Calvert RA, Sutton BJ, Doré KA. IgY: a key isotype in
antibody evolution. Biological Reviews, 2017; 92:2144-2156.

[5] Gedda MR, Singh OP, Srivastava ON, Sundar S. Therapeutic
Leishmaniasis: Recent Advancement and Developments
in Nanomedicines, in Nanotechnology in Modern Animal
Biotechnology. 2019; 195-220.

[6] Torres-Guerrero E, Quintanilla-Cedillo MR, Ruiz-Esmenjaud
J. Leishmaniasis: a review. F1000Research, 2017; https://
f1000research.com/articles/6-750.

[7]1 Nassif PW, Mello TFP DE, Navasconi TR, Mota CA, Demarchi IG,
Aristides SMA et al. Safety and efficacy of current alternatives
in the topical treatment of cutaneous leishmaniasis: a
systematic review. Parasitology, 2017; 144: 995-1004.

[8] Franco-Paredes C, JI Santos-Preciado. Neglected Tropical
Diseases-Latin America and the Caribbean. 2015; https://
link.springer.com/book/10.1007/978-3-7091-1422-3.

[9] Thomaz-Soccol V, Ferreira da Costa ES, Karp SG, Junior Letti
LA, Thomaz Soccol F, Ricardo Soccol C. Recent advances in
vaccines against Leishmania based on patent applications.
Recent patents on biotechnology. 2018; 12: 21-32.

[10] Montini MPO, Eduardo VF, Ana CNDSF, Mayara AA, Fabiano
CDS, Emerson JV. Effects of inoculation route and dose on
production and avidity of IgY antibodies. Food and Agricultural
Immunology. 2018; 29: 306-315.

[11] Tong C, Geng F, He Z, Cai Z, Ma M. A simple method for
isolating chicken egg yolk immunoglobulin using effective
delipidation solution and ammonium sulfate. Poultry science.
2015; 94: 104-110.

[12] Wingfield PT. Protein precipitation using ammonium sulfate.
Current protocols in protein science. 2016; 84: 3F. 1-A. 3F. 9.

[13] Malaga-Machaca ES, Romero-Ramirez A, Gilman RH, Astupifia-
Figueroa S, Angulo N, Florentini A, et al. Polyclonal antibodies
for the detection of Trypanosoma cruzi circulating antigens.
PLoS neglected tropical diseases. 2017; 11: e0006069.

[14] Pereira E, Tilourg M, Florean E, Guedes M. et al. Egg yolk
antibodies (IgY) and their applications in human and veterinary
health: A review. International immunopharmacology. 2019;
73:293-303.

[15] Amro WA, W Al-Qaisi, F Al-Razem. Production and purification
of IgY antibodies from chicken egg yolk. Journal of Genetic
Engineering and Biotechnology. 2018; 16: 99-103.

[16] Campbell D, Lee C, Hinch G, Roberts J. Egg production and egg
quality in free-range laying hens housed at different outdoor
stocking densities. Poultry science. 2017; 96: 3128-3137.

[17] Esmailnejad A, Abdi-Hachesoo B, Hosseini Nasab E,
Shakoori M. Production, purification, and evaluation of
guail immunoglobulin Y against Salmonella typhimurium
and Salmonella enteritidis. Molecular immunology. 2019;
107: 79-83.

Appl Med Res ¢ 2021 ¢ Vol 8 e Issue 1



Characterization and Immunologic Response of Igy Against Leishmania Mexicana

[18] Kaspers B. An egg a day - the physiology of egg formation.
Lohmann information. 2016; 2: 3.

[19] Ol4dh I, N Nagy, L Verdelde. Struture of the avian lymphoid
system. 2nd ed. Avian immunology. Elsevier. 2014; 11-44.

[20] Koutsos E, L Klasing. Factors modulating the avian immune
system. 2nd ed. Avian Immunology. 2014; https://
www.sciencedirect.com/book/9780123969651/avian-
immunology.

[21] Apostdlico JdS, Lunardelli VAS, Coirada FA, Boscardin SB, Rosa
DS. Adjuvants: classification, modus operandi, and licensing.
Journal of immunology research; 2016; 2016: 1459394..

[22] Grando TH, Baldissera MD, Sa MFD, Carmo GMD, Porto BCZ,
Aguirre GSV, et al. Avian antibodies (IgY) against Trypanosoma
cruzi: Purification and characterization studies. Journal of
immunological methods. 2017; 449: 56-61.

[23] Aizenshtein E, Yosipovich R, Kvint M, Shadmon R, Krispel
S, Shuster E, et al., Practical aspects in the use of passive
immunization as an alternative to attenuated viral vaccines.
Vaccine. 2016; 34: 2513-2518.

[24] Davison F. The importance of the avian immune system and
its unique features. 2nd ed. Avian Immunology. 2014; DOI:
10.1016/B978-0-12-396965-1.00001-7.

[25] Ratcliffe M, S Hartle. B cells, the Bursa of Fabricius and
the Generation of Antiboie Repertoires. 2nd ed. Avian
immunology. 2014; 65-89.

[26] Murai A. Maternal transfer of immunoglobulins into egg
yolks of birds. The Journal of Poultry Science. 2013; 2013:
185-193.

[27] Hartle S, Katharine EM, Thomas WG, Fred D. Structure
and evolution of avian immunoglobulins. 2nd ed. Avian
Immunology. Science direct: Elsevier. 2014; 103-114.

[28] Miiller S, Schubert A, Zajac J, Dyck T, Oelkrug C. IgY antibodies
in human nutrition for disease prevention. Nutrition journal.
2015; 14: 109.

[29] Junior AF, Santos JP, Bassi PB, Bittar JFF, Bittar ER. IgY-
Technology Applied to Studies of Toxoplasma gondii Infection.
Toxoplasmosis. 2017; Doi: 10.5772/67997.

[30] GE. HiTrap IgY Purification HP. 2014; https://cdn.
cytivalifesciences.com/dmm3bwsv3/AssetStream.aspx?me

diaformatid=10061&destinationid=10016&assetid=11171.

[31] Harley C, RS Vieira-Pires. Antibody fragment technology and

Www.ejmamr.com

avian IgY antibodies: a powerful combination. Drug Target
Review. 2016; 3: 62-66.

[32] Nugent PG, Karsani SA, Wait R, Tempero D. Proteomic
analysis of Leishmania mexicana differentiation. Molecular
and biochemical parasitology. 2004; 136: p. 51-62.

[33] Lynn MA, AK Marr, WR McMaster. Differential quantitative
proteomic profiling of Leishmania infantum and Leishmania
mexicana density gradient separated membranous fractions.
Journal of proteomics. 2013; 82: 179-192.

[34] Rodriguez HOV, Scholte LLS, Oliveira G, Gabalddn T,
Bartholomeu DC. The Leishmania metaphylome: A
comprehensive survey of Leishmania protein phylogenetic
relationships. 2015; 16: 887

[35] Brotherton M-C, Racine G, Ouameur AA, Leprohon L,
Papadopoulou B, Ouellette M. Analysis of membrane-
enriched and high molecular weight proteins in Leishmania
infantum promastigotes and axenic amastigotes. Journal of
proteome research. 2012; 11: 3974-3985.

[36] Lin AV. Indirect ELISA, in ELISA., Springer. 2015; 51-59.

[37] Aydin S. A short history, principles, and types of ELISA, and
our laboratory experience with peptide/protein analyses
using ELISA. Peptides. 2015; 72: 4-15.

[38] Fan J, S Upadhye, A Worster. Understanding receiver operating
characteristic (ROC) curves. Canadian Journal of Emergency
Medicine. 2006; 8: 19-20.

[39] Lardeux F, G Torrico, C Aliaga. Calculation of the ELISA’s cut-off
based on the change-point analysis method for detection of
Trypanosoma cruzi infection in Bolivian dogs in the absence
of controls. Memdrias do Instituto Oswaldo Cruz. 2016; 111:
501-504.

[40] Cakir-Koc R. Production of anti-SAG1 IgY antibody against
Toxoplasma gondii parasites and evaluation of antibody
activity by ELISA method. Parasitology research. 2016; 115:
2947-2952.

[41]1 Al Y, Islam A, Muzahid NH, Sikder MHF, Hossain A, Marzan
LW. Characterization, prevalence and antibiogram study of
Staphylococcus aureus in poultry. Asian Pacific Journal of
Tropical Biomedicine. 2017; 7: 253-256.

[42] De Morais CGV, Lima AKC, Terra R, Dos Santos RF, Da-Silva SAG,
Dutra PML. The dialogue of the host-parasite relationship:
Leishmania spp. and Trypanosoma cruzi infection. BioMed
research international. 2015; 2015:324915.



