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Abstract

Egg-derived antibodies’ (IgY) preparation against a specific pathogen is an emerging technology for passive immunization. It is an

efficient tool which can help to control the global problem of anti-microbial resistance. It is an effective therapeutic alternative having

several advantages such as: non-invasive, cost-effective, large amount of IgY production at a single time, also IgY do not react with

mammalian antibodies or rheumatoid factors, etc. The main principle behind IgY production is separation of the lipid component of

the yolk from its water-soluble fraction. There are various methods described for the extraction of IgY from the egg-yolk like: Water

dilution, Poly-ethylene glycol, Dextran sulphate, Ammonium sulphate, Xanthan sulphate, etc. These egg-derived antibodies find appli-

cation in various fields like: immunodiagnostics, therapeutics, prophylactic, feed additive, etc. This review focuses on the production,

importance, uses and applications of egg-derived antibodies.
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Introduction

Anti-microbial resistance (AMR) is emerging as a significant
public health issue worldwide. This has contributed to prolonged
illness and deaths owing to ineffective treatment. Combating AMR
requires multi-faceted one-health approach, involving strict policy
interventions, usage of antimicrobial alternatives, proper surveil-
lance of resistance patterns, international cooperation and public
awareness [1]. A new antibiotic follows sigmoidal path, it is highly
effective and achieves success in its initial lag phase but with the
passage of time there is an exponential increase in the resistance
against reaching to plateau followed by an equilibrium [2]. Ratio-
nal use of antibiotics is the most effective way to limit the alarm-
ing situation of growing AMR. AMR more often leads to colossal
economic losses in three main context- patient perspective (lost
earnings of the individual, high rate of morbidity and mortality,
drug toxicity), healthcare perspective (money spent on different

healthcare programmes, cost incurred on diagnosis and treatment

of resistant infections, longer duration of hospital admissions) and
societal perspective (productivity losses, impact on trade and tour-
ism due to emerging resistant infections, need for search and devel-
opment of alternative therapies). Alone in United States, an expen-
diture of around 2.2 billion USD was estimated on national health
care [3]. Irrational use of antimicrobial has led to the development
of resistance which is troublesome for their future. The widespread
use of antimicrobials as a feed additive in animal feed is one of the
major causes of AMR. The bulk in reservoir of antibiotic resistance
genes have increased due to extensive use of antibiotics. It has also
been documented, that excessive use of antibiotics and the use of
sanitizers in the COVID period can enhance this rising problem of
AMR especially in the low and the middle-income countries [4].
This increase in the rate of bacterial resistance in the post COVID
era has even been warned by WHO [5]. In an antibiotic charged
environment a selection pressure builds up favouring the resistant

micro-organisms. Moreover, horizontal transfer of the AMR genes
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has caused the spread of AMR genes among the microbial popula-

tion.

Alternatives to antibiotics are effective weapon against AMR,
which include plant-based therapies [6], use of phage therapy [7]
or generation of therapeutic antibodies [8]. Others involve: pro-
biotics, genetically engineered bacteriophages, innate proteins or
bacterial extracts for immune stimulation, vaccines, anti-microbial
peptides, nanoparticles, host defense peptides and innate defense
peptides and antibiofilm peptides [9]. Among these, therapeutic
antibodies are noted to be the fastest growing field in pharmaceu-
tical industry [10]. The extraction of the polyclonal antibodies from
the hyperimmunized animal against a certain pathogenic condition
is gaining popularity. The extraction of these antibodies from egg
yolk of birds is very beneficial due to its specificity and large pro-
duction. The hens are hyperimmunized for a specific pathogen and
then the antibodies are extracted from the egg yolk, which can be
further utilized as therapeutic agent against that particular patho-

gen.

Therapeutic alternatives

e Plant-based therapy: Various medicinal herbs and other
plant products have effectively been used as therapeutic
agents. Moreover, now plant-based vaccines (edible vaccines)
are also gaining popularity. Plants and their products are
known for their medicinal activity since ancient times [11].
Many plant species such as Seasamum indicum, Cassia tora and
Anogeissus acuminate are known for their bactericidal activity.
The antibacterial activity of the fluid extracts of Bergenia cilia-
ta, Jasminium officinale and Santalum album against Staphylo-
coccus aureus, Bacillus subtilis, Proteus vulgaris, Pseudomonas
aeruginosa and Escherichia coli has been documented [12].

e Phage therapy: It was in 1919 when bacteriophage therapy
was identified by Felix d’ Herelle where it was used to treat
four patients suffering from bacterial dysentery in Paris [13].
Bacteriophages have a higher penetration capacity at site of
infection [9] and hardly cause any adverse reactions in the
body when administered as the allergic reactions due to anti-
biotics. Bacteriophage therapy have been used against entero-
haemorrhagic E. coli (EHEC) and Campylobacter [14]. Phage
therapy works on the principle of using the naturally occur-
ring bacteriophages to infect and kill the target bacteria. Re-
cently, the phage-derived lytic proteins are being engineered
to prepare chimeras, which have potential antibacterial activ-
ity. Phage treatments have also been effectively applied in case
of surgical interventions, infected burns, infected ulcers and

wound [15]. However, it becomes difficult to identify a thera-
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peutic bacteriophage of a definite specificity. The determina-
tion of the dosage of the virus required to be lytic against a
particular bacterium is difficult. Also, there is a requirement
of a detailed study of the viral genome as it should not contain
any antibiotic resistant genes, other bacterial virulence genes
or any phage encoded toxin genes.

Therapeutic antibodies: These can be either polyclonal an-
tibodies directly derived from the hyperimmunized serum or
egg yolk or monoclonal antibodies against a specific epitope
of a pathogen or engineered antibodies targeting a specific
pathogen. The great demand for a therapeutic can be fulfilled
by the large-scale and economic generation of these poly-
clonal antibodies. These animal-derived antibodies has been
recognized as an effective tool as a therapeutic against various
pathogenic infections, venoms and toxins [16,17].
Probiotics: These are the living microorganisms having
the antimicrobial activity. Their activity can be attributed to
mechanisms such as: changing the microbial flora of the GIT,
enhancement of the immune system, production of the anti-
microbial compounds and can replace the pathogenic micro-
organism by competing with them. It has a lower occurrence
of adverse reactions. They can be given orally [18] or through
enema/nasogastric tubes [19].

Genetically engineered bacteriophages: These are the vi-
ruses which have been genetically engineered with some spe-
cific improved properties for bacterial lysis. Engineered phag-
es against a specific microbe is a new field. Development of
engineered chimeric phages, phages to disrupt the antibiotic
resistance genes or plasmids [20] or phage lytic proteins [21].
Vaccines: Vaccines are a part of a prophylactic measure rather
than therapeutic. But it can definitely be an alternative to an-
timicrobials as it prevents the occurrence of disease. Inacti-
vated bacteria or bacterial toxoids or genetically engineered
vaccines or recombinant proteins can serve as the vaccine
component against a specific pathogen. Proper and timely vac-
cination helps to prevent most of the diseases and hence no
requirement of using the antimicrobials. Vaccines help in the
reduction of usage of antibiotics by reducing the occurrence
of the bacterial infections that require antibiotic treatment,
decreasing the number of infections caused by drug-resistant
microorganisms and also the reduction of viral infections for
which antibiotics are administered unnecessarily [22].
Anti-microbial peptides: These are small proteins and are
capable of direct antimicrobial activity. They may cause bacte-
rial lysis by damaging its cell membrane, forming pores and
even destructing bacterial plasmid, RNA and proteins [23].

They are considered as efficient candidates for clinical cases
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since they bear the natural property of antimicrobial activity,
act speedily and efficiently and has very less chances to de-
velop resistance.

e Nanoparticles: These nano-sized particles have been proved
to have an anti-bacterial activity which is dependent on their
concentration, stability and the temperature of their use [11].
They interact with the bacterial proteins and interfere with the
normal bacterial metabolic processes. Anti-bacterial activity
of nanoparticles such as: silver nanoparticles, ZnO nanoparti-
cles, copper-oxide nanoparticles and gold nanoparticles, have
been established.

e Anti-biofilm peptides: These are the new anti-bacterial
peptides that prevent the formation of a biofilm of a specific
bacterium through nucleotide- signaling molecules. Biofilms
show massive tolerance against the antimicrobial agents. First
peptide observed to have the anti-biofilm activity was human
cathelicidin LL-37 [24]. LL-37 analogue has also shown to in-
hibit the biofilm of MDR Staphylococcus aureus [25].

Passive immunization therapy

Passive immunization is a technique wherein pre-formed anti-
bodies are administered to combat the attacking pathogen. This is
beneficial when an immediate action is required against the patho-
gen. The emergence of drug-resistant microorganisms have popu-
larized the technique of passive immunization. Passive immuniza-
tion can be given by different ways such as by maternal antibodies
during birth, through colostrum (natural immunization) and by
administering the specific antibodies (acquired). These antibod-
ies can be hyperimmune polyclonal immunoglobulins, monoclonal
antibodies or recombinant (or genetically engineered) antibodies
[26].

e Hyperimmune polyclonal antibodies: They have been used
since long as a therapeutic against microorganisms and ven-
oms. These can be derived from the serum of hyperimmunized
individual or from the egg yolk of hyperimmunized hens. Egg
yolk is a better option due to the isolation of one isotype (IgY)
which is specific and do not show cross reactivity with the
mammalian antibodies, however, hyperimmunized serum can
show cross-reactivity or induce anaphylaxis.

e Monoclonal antibodies: Hybridoma technology by Kohler
and Milstein was developed in 1975 to produce specific
monoclonal antibodies. These are the antibodies which are
produced to target a specific epitope of an antigen and can be
utilized effectively as a diagnostic or a therapeutic agent [27].

e Genetically engineered or recombinant antibodies: Re-
combinant of any monoclonal antibody can be obtained by

cloning it in an expression vector. Chimeric, humanized and
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human antibodies have been produced. New generation anti-
bodies include F_ engineered antibodies, antibody fragments,
bispecific antibodies, antibodies fused with the effector pro-

teins and intrabodies [28].

Egg yolk and IgY

Egg yolk accounts for around 27.5% of the total hen’s eggs. Egg
yolk have been shown to have various properties such as antibac-
terial, antiviral, anticancer, antioxidant, anti-inflammatory, and
immunological [29]. It is composed of one-third of proteins and
two-third of lipids. Egg components viz., egg yolk antibody (IgY),
lysozyme and ovotransferrin are considered as anti-microbial
agents. It has also been reported that egg albumen contains ovo-
mucin and ovoinhibitor which has anti-viral properties [30]. IgY
is functionally equivalent to mammalian IgG. IgY is major fraction
of y-livetin proteins of plasma proteins of the egg yolk [31]. Birds
deposit their maternal antibodies in the egg, out of which IgY is
predominantly present in egg yolk, while IgA and IgM are present
in egg white. Concentration of IgY in egg yolk ranges from 5-25 mg/
ml and that of IgA and IgM in egg albumen is 0.7 mg/ml and 0.15
mg/ml respectively [32].

The production of IgY in the hen’s egg is of utmost importance
and is recognized allover due to its ability of being utilized for di-
agnostic, therapeutic, scientific and prophylactic purposes. The
amount of immunoglobulins obtained from hen’s eggs is around
300 times of that obtained from rabbit blood. It has been docu-
mented that around 100-200 mg IgY can be obtained from a single
egg, out of which 2-10% is specific for the antigen [33]. The nomen-
clature of IgY is so because of its predominance in the egg yolk. The

genetic sequence of IgY shows much resemblance with human IgE.

Importance of IgY
IgY isolated from hen’s egg offers many advantages over IgG iso-

lated from the serum

e  Amount of antibodies produced from one egg yolk is equiva-
lent to that from 200-300 ml of mammalian blood.

e Eggyolk IgY do not show any reaction with mammalian anti-
bodies or rheumatoid factors

e  They also do not react with bacterial F_receptors.

e Since they do not activate complement components, there are
almost no chances of false positive results in immunoassays
[34]

e Collection of IgY from egg yolk is a non-invasive method of ob-
taining the antibodies unlike the invasive method of bleeding

the animal for serum collection.
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e Large amount of specific antibodies can be obtained at a single
time

e ThelgY isolation procedure is also cost-effective.

e Large amount of IgY can be harvested at a single time

e IgY production is also ethically approved as the animal is not
undergoing any type of stress like bleeding

e  Due to the evolutionary distance between the birds and mam-
mals, IgY recognizes more epitopes of the mammalian antigen,
resulting in the amplification of signals [35]

e IgY does not combine with protein A and G (IgG binding pro-
teins)

Transport of IgY to egg yolk

The transfer of antibodies from serum to egg was first observed
by Klemperer [36]. 1gY from maternal circulation to embryonic cir-
culation is specifically transferred to the egg yolk due to the pres-
ence of a highly specific receptor on the yolk membrane surface.
There is usually a difference of 5-6 days between the presence of IgY
in serum and its appearance in the egg yolk. This transport mainly
occurs in two steps: firstly, the receptors present on the ovarian
follicles helps to take up the IgY into the egg yolk from hen’s blood.
Secondly, the transfer of the IgY from the egg yolk to the offspring
occurs through the process of embryonic circulation [37,38]. The
amount of IgY in the egg yolk following its transport is directly pro-
portional to the amount of serum IgY. It has been observed that
around 27-30% of the maternal serum’s IgY is transferred to egg
yolk [37]. Genotype of the hen also has a major impact on the total
presence of IgY in the egg yolk. It has also been demonstrated that
the intact F_portion and the hinge region of IgY play a major role in

the transport of IgY from serum to egg yolk.

IgY Extraction from egg yolk

IgY extraction is based on the process of delipidation technique
initially to obtain the insoluble lipoproteins and lipids as the pres-
ence of lipid tend to interfere with the antibody purification proce-
dure [39]. The lipids are present in large quantity in the egg yolk
and the removal of these lipids is a very crucial and necessary step
in IgY extraction. The plasma proteins of the yolk have to be sepa-

rated from the granules and the lipids [40].

Mechanism of IgY action

The mechanism behind the action of egg yolk antibodies simply
follows the destruction of the antigenic component following the
antigen-antibody interaction. The IgY antibody specific for a patho-
gen bind to its specific antigenic site and impairs the functioning
of the antigen [41]. IgY may even lead to neutralization of venoms
and toxins [42], enzymatic activity inhibition [41], causing bacte-

rial lysis by agglutination of the bacteria and inhibition of bacte-
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rial attachment and colonization in the gut epithelium [43]. IgY can
bind to any of the bacterial antigenic component for its destruction
such as flagella, lipopolysachharide, fimbriae or outer membrane

proteins.

The specific pathogen or antigen is administered to hen, eggs
are collected, yolk is separated, immunoglobulins are isolated
which can further be utilized as a diagnostic or a therapeutic. The

egg yolk after lyophilization can even be used as a feed additive.

Extraction of IgY

Hyperimmunization of the hen with the specific antigen or
whole pathogen, produces the antibody in the hen, which then gets
accumulated in the egg yolk after being transferred from the se-
rum. Factors responsible for effective immunization include; dos-
age and type of antigen used, immunization frequency, adjuvant
used, mode of administration of the antigen, interval between im-
munization and the breed, egg laying capacity or age of the hen
used [44].

The extraction of IgY mainly involves the separation of the lip-
ids from the water soluble fraction of the egg yolk (crude immu-
noglobulin along with some lipoproteins and livetin proteins). The
method that can be applied for IgY isolation is dependent on fac-
tors like: amount of antibodies required, technology used, quality
of the product desired, cost that can be incurred, labour skills and
waste management preparations. The separation of the lipid com-
ponent from the protein component can be done through various

means

e By using water dilution method in acidic environment

e By using polyethylene glycol

e By using natural gums- polyanionic polysaccharides

e By giving acidic treatment

e By using combination of solvents- like chloroform and acetone

which solubilize the lipids

It has been observed that pH plays key role in IgY isolation. At
pH 5.1, 94.5% of IgY was obtained from the water-soluble fraction
[45]. Various processes of IgY extraction can be divided into two:
precipitation methods and chromatographic methods. There are
various methods of IgY isolation: Water dilution method, Polyeth-
ylene glycol method, Dextran Sulphate method, Ammonium sul-
phate method, Xanthan sulphate method. Water dilution method
and Xanthan sulphate methods were easy to conduct. Centrifuga-
tion process involves the major step in IgY isolation [40]. Water di-
lution method is used widely for large scale production of IgY anti-

bodies and utilized for industrial use. It is also considered to be the
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most cost-effective process. The pH and the extent of dilution of the
egg yolk are significant in this method [40]. Use of natural gums for
IgY extraction was done by Hatta,, et al. [46]. They used 12 different
gums, out of which A-carragenan and xanthan were found to be the
most effective ones. The use of dextran sulphate along with sodium
sulphate and calcium chloride have also been used. Calcium chlo-
ride is added so that excess of dextran sulphate gets precipitated.
This method also gave good IgY yield ranging from 7.5-15 mg of
IgY/ml of egg yolk [47]. Polyethylene glycol use for IgY isolation is
also much in use [48]. As per Akita and Nakai [40], water dilution
method gave the highest yield of IgY, followed by dextran sulphate,
xanthan sulfate and lastly polyethylene glycol method. In a study,
dextran sulphate and calcium chloride or phosphotungstic acid and
magnesium chloride gave the highest IgY yield of 15.6 and 15.1mg
of IgY per ml of egg yolk, respectively with more than 60% purity
[49]. The applicability of anionic polysaccharides was judged at dif-
ferent pH and concentrations [50].

Further purification of IgY can be done by various chromato-
graphic techniques: such as anion exchange chromatography, af-
finity chromatography, thiophilic chromatography, ion exchange
chromatography, gel permeation chromatography. Some filteration
methods can also be used for IgY purification- funnel filteration,
column filteration or ultra-filteration. These filteration methods es-
pecially column and ultra- filteration have large applicability for in-
dustrial production. Various commercial Kits are also available for
IgY isolation like Eggcellent (Thermo Pierce), EGGstract (Promega)
[39], gammaYolk (Pharmacia Biotech), IMSORB Anti-IgY (Biotez),
Kaptiv-GY TM (Technogen) [51].

Uses of IgY

e IgY as an immunodiagnostic: IgY is a beneficial tool of im-
munodiagnosis where the interference with the mammalian
IgG antibody is a problem. IgY can be utilized in various im-
munoassays for verifying the concentration of the antigen by
ELISA, RIA immunohistochemistry and other assays.

e IgY for checking the food quality: IgY can also be utilized to
check the presence of any type of contamination in the food. It
can be used to detect the presence of toxic substance or a drug
in the food item.

e IgYasatherapeutic: Egg yolk powder or the isolated egg yolk
antibodies against a specific antigen act as a very effective and
an economical therapeutic against that particular antigen. It
also helps to reduce the development of antibiotic resistance
as it lowers the antibiotic usage.

e IgYasa prophylactic: The prophylactic functions of IgY have

also been investigated by many scientists. IgY against Pseudo-
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monas aeruginosa have been tested by giving it orally in cystic

fibrosis patients, which significantly decreased the incidence
of the disease.

e IgY as a feed additive: Whole egg powder or the egg yolk
powder containing the antibodies for a specific pathogen can
be used as an additive in poultry or swine feed.

e IgY in immunochromatography: Immunoaffinity chroma-
tography is the method of purification of certain molecule
from a complex of molecules by the principle of the highly
specific antigen-antibody reactions. Immobilized egg yolk
antibodies have been used for the isolation of a particular
protein. Moreover, IgY use in generation of this technique is
limited due to its high cost and decreased efficiency of immo-
bilization of the antibody.

e Applications of IgY: The concept of production of egg yolk
antibodies have been applied in various fields and for many
purposes [52]. There are also many commercial preparations
based on this (Table 1- 3) [53].

Monoclonal

Characteristics antibody

Polyclonal antibody

Time consumption | Requires less time
after the first immuni-

zation (few months)

Can take upto a year
or even longer

Cost of production

Less expensive

More expensive

Requirement of
technical expertise

Comparatively less

More

Specificity It is heterogenous- It is monospecific
recognize number of
epitopes
Stability More stable Less stable. Highly

susceptible to
changes in pH and salt]
concentration

Concentration and
purity

Comparatively lower

Higher

Table 1: Difference between polyclonal and monoclonal antibody.

Characteristics IgY Igg
Molecular weight 180 kDa 159 kDa
Heavy chain Larger molecular weight: 50 kDa
68 kDa
Heavy chain do- |5 domains- 1 variable and 4 domains- 1 vari-
mains 4 constant domains  |able and 3 constant
domains
Hinge region Absent Present between
Cy1 and Cy2 do-
main
Flexibility Less flexible than IgG More flexible
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Cystein residues |Has 2 additional cysteine Absent
residues- Cys 331 and
Cys 338
Stability Less stable to acid de- Comparatively

naturation and heating more stable

(stable between 60-70° C)

Isoelectric point | Lower than IgG (5.7-7.6) | Higher than IgY

Gets inactivated at below
pH=3

pH stability Activity persists

even at pH =2

Proteolysis stabilityy More susceptible to
trypsin, chymotrypsin

and pepsin

Less susceptible

\Antibody extraction Non-invasive- by collec-
process tion of eggs

Invasive- by bleed-
ing and collecting
serum

Table 2: Comparison between IgY and IgG.

Product name| Company name Targeted action

Ovopron IgY | Pharma Foods In- |Prophylactic and therapeutic
ternational Co. Ltd |action against H. pylori infec-

tion in humans

i26 /Arkion Life Sciences Act against 26 enteric patho-
gens in humans

IgY Recovery |Arkion Life Sciences Reduce muscle soreness and
Proteins improve overall performance
in athletes

i26 Companion |Arkion Life Sciences| improve immune function in
cats and dogs

Protimax  |Arkion Life Sciences| feed supplement against
bovine and porcine enteric
pathogens
Globigen  |[EW Nutrition, along| IgY feed supplement for
with Ghen Corpora- animals
tion
Ovalgen EW Nutrition, along| IgY feed supplement for
with Ghen Corpora- humans
tion
Ig-Guard AD Biotech Co. Ltd.| Actagainst GI pathogens
in animals and viruses in
aquatic animals
Ig-Lock Dan Biotech Inc. Act against GI pathogens
in animals and viruses in
aquatic animals
BIG Aova Technologies | Egg yolk antibody (IgY)

against the enzyme PLA2

Table 3: Commercial preparations of egg yolk antibodies [53].
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Future prospects

There still remains a lot of scope of research and development
in this technology of egg yolk antibodies production. Egg yolk an-
tibodies should be generated against more diseases especially the
most prevalent ones and those which show increased anti-micro-
bial resistance. More research should be conducted for the choice
of the adjuvant to be given along with the antigen for the genera-
tion of a better immune response. Furthermore, research should
be conducted to generate the egg-yolk antibodies against multiple
pathogens to act against several diseases at the same time. Combi-
nation product of IgY along with some other therapeutic alterna-

tive should be researched upon and produced.

Conclusion

Egg-yolk antibodies’ production against a specific antigen is
very productive and a cost-effective technology and can be applied
to various fields of therapeutics, diagnostics, prophylactics, etc. It
is a very good non-invasive alternative for mammalian immuno-
globulins. These methods of passive immunization are gaining
fame and are being demanded because of the global prevalence of
antibiotic resistant pathogens. IgY technology also comes out to be
an ideal choice for the production of antigen specific antibodies in
large amounts. Due to several advantages, it has gained the inter-
ests of many scientists, though it still has a lot of scope of many

modifications, improvements and advancements.
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