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A B S T R A C T

The present state of diagnostic and therapeutic developmental race for vaccines against the SARS CoV-2
(nCOVID-19) focuses on prevention and control of this global pandemic which also represents a critical chal-
lenge to the global health community. Although development of novel vaccines can prevent the SARS CoV-2
infections, it is still impeded by several other factors and therefore novel approaches towards treatment and
management of this disease is the urgent need. Passive immunotherapy plays a vital role as a possible alternative
to meet this challenge and among various antibody sources, chicken egg yolk antibodies (IgY) can be used as an
alternative to mammalian antibodies which have been previously studied against SARS CoV outbreak in China.
In this review, we discuss the strategies for the use of chicken egg yolk (IgY) antibodies in the development of
rapid diagnosis and immunotherapy against SARS CoV-2. Also, IgY antibodies have previously been used against
various respiratory bacterial and viral infections in humans and animals. Compared to mammalian antibodies
(IgG), chicken egg yolk antibodies (IgY) have greater binding affinity to specific antigens, ease of extraction and
lower production costs, hence possessing remarkable pathogen-neutralizing activity of pathogens in respiratory
and lungs. We provide an overall importance for the use of monoclonal chicken egg yolk antibodies (IgY) using
phage display method describing their potential passive immunotherapeutic application for the treatment and
prevention of SARS CoV-2 infection which is simple, fast and safe way of approach for treating patients effec-
tively.

1. Introduction

The novel severe acute respiratory syndrome SARS CoV-2 (nCOVID-
19) is a novel coronavirus infection that has emerged as global pan-
demic threat in todays world. This SARS CoV-2 infection was caused by
SARS-associated coronaviruses [1–3] where the spike protein ‘S’ were
found to be the major domain responsible for mediating the membrane
fusion during the infection [4,5]. Also, the SARS CoV-2 S protein be-
longs to large membrane glycoprotein and the angiotensin converting
enzyme 2 (ACE-2) present in the human cell membranes found to
possess the functional receptor for this virus [6]. The conformational
changes induced by this complex spike protein (S) with the ACE-2 re-
ceptor leads to membrane fusion and furthermore, due to the higher
antigenicity nature of S protein, it efficiently elicits the neutralizing
antibodies within the system by protecting them from infection [7,8].
Hence, this spike protein domain (S) will be a good candidate for de-
veloping antiviral drugs, vaccines and that generating high specific
antibodies to recognize this domain would be much more valuable.
Some of the reported studies with SARS CoV shows that immunization

of mice with recombinant spike protein (S) can protect them from in-
fection effectively [7,8]. Therefore, generating monoclonal antibodies
that are specifically to recognize the spike protein (S) is the need of the
hour. However, we have to overcome the difficulties in generating
highly specific monoclonal antibodies from the traditional way of an-
tibody generation [9], phage display method of monoclonal antibody
generation would be safe and effective procedure because of the in vitro
process of antibody generation by cloning the specific repertoires and
subsequent screening and isolation of monoclonal antibodies from the
antibody libraries [10,11]. Although there are many ways of re-
combinant antibody generation, the single-chain variable fragments
(scFv) of the whole antibody will be an effective region that can be
generated in phage display system [12–14].

Antibody production in chickens is the simplest, easier and efficient
way of generating monoclonal antibodies using phage display library
selection for scFv gene constructs with higher affinity against targetted
pathogens [15,16]. Also, it has been reported that monospecific scFv
antibodies generated using phage display technology has high neu-
tralizing effect against SARS CoV infection that have been generated
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from non-immunized individuals and convalescent SARS infected in-
dividuals [17,18]. This review focuses to show that the monoclonal IgY
scFv antibodies raised against SARS CoV-2 spike protein (S) isolated
from chickens using phage display technology would be a potential
model for large scale production of high-affinity antibodies effectively.

2. SARS CoV-2 structure and its etiology

The SARS-CoV-2 (nCOVID-19) are enveloped viruses with round or
pleiomorphic structure of approximately 80 to 120 nm in diameter
containing positive single-stranded RNA genome of 30 kb size [19,20].
The RNA genome is complexed with basic nucleocapsid protein (N) to
form a helical viral protein and these are spike proteins (S) which are
the Type-I glycoprotein that forms the peplomers on the virion surface
giving it a crown-like structure (Fig. 1). The membrane protein (M)
which spans three time the viral membrane has a short N-terminal
ectodomain and a cytoplasmic tail. The small membrane protein (E) is
found to be highly hydrophobic in nature [21] and this spans twice the
viral membrane has both N and C terminals on the interior part of the
virion [22]. There are still many other minor proteins present in the
viral structure yet undetected and the genomes of all the coronaviruses
were found to have similar stuctural characteristics [23]. For all cor-
onaviruses, the structural proteins are encoded in order of S-E-M-N
within the one third of the genome and each group of coronaviruses
encodes a group of unique small proteins while these are non-essential
proteins and have been found to serve as accessory proteins to interact
or interfere with the host innate immune responses which has not been
demonstrated for any of these proteins [24,25]. Untranslated regions of
coronaviruses (UTRs) on both 5′ and 3′ ends of the genome were be-
lieved to interact with the host and control the RNA replication process
and the viral transcription has been reviewed in recent studies [26].

3. Spike protein (S) of SARS-CoV-2

Transmembrane spike (S) protein of the coronavirus mediates host
cell entry. S protein is a glycoprotein that forms homotrimers [27].
Each monomer is about 180 kDa. Because it is surface-exposed on part
of the virus and easily accessible for neutralizing antibodies, it becomes
a potential drug target and interest of several structural studies. SARS-
CoV-2 S protein is capable of triggering protease-independent and re-
ceptor-dependent syncytium formation; this enhances virus spreading

through cell-cell fusion and the rapid progress of the diseases [28,29].
The functional domains of S protein are distributed among the two
subunits, the receptor-binding domain (RBD) is in the S1 subunit
[Fig. 1]. SARS CoV and SARS CoV-2 interact directly with human an-
giotensin-converting enzyme 2 (hACE2) through domain B (SB). The
cryoelectron microscopy structures of the SARS-CoV-2 S ectodomain
trimer reveal that it adopts multiple SB conformations as like SARS-CoV
[30–32]. The S proteins of SARS CoV-2 share the amino acid similarity
of about 76% and 97% with SARS CoV, and RaTG13 (bat coronavirus-
BatCoV RaTG13) respectively. Interestingly, the RBD has only 74% and
90.1% similarity with SARS CoV, and RaTG13 respectively [33]. This
partially explains the difference in the binding affinity of these viruses
towards their respective host targets and the efficient transmission. In
most of the coronavirus, these two subunits are non-covalently bound
in the prefusion conformation [34–36]. Additionally, the S protein
structure is covered with N-linked glycans, this perhaps helps to
maintain its integrity and acts as a shield to escape the host immune
system [36,37]. The neutralizing antibodies have to slot in between the
glycans to attach with the spike protein.

S protein is the main target for neutralizing antibodies and vaccine
design which plays a vital role in studying the viral entry, determina-
tion of virulence, understanding the range of hosts, a pseudotype
system with S protein of SARS-CoV-2 [38,39]. Though there is con-
siderable homology between S protein of SARS CoV and SARS CoV-2,
polyclonal rabbit anti-SARS S1 antibodies T62 did not completely
neutralize the SARS-CoV-2 and there is less affinity of binding with
SARS-CoV-2 S protein [39]. Previous studies postulated that major
immune-epitopes for anti-SARS S1 antibody T62 may lie in the region
of RBD. Moreover, the experiment with convalescent sera from SARS
and COVID-19 patients has shown only moderate cross-neutralization
and the sera from SARS-CoV infected individual targets SB site of the
SARS-CoV-2 S protein [40]. Few studies had reported the lack of cross-
reactivity among these SB-directed antibodies [41,42]. Most of SARS-
CoV neutralizing antibodies target the SB domain and several of them
recognize the receptor binding domain regions and prevent receptor
engagement [43–45]. This suggests that those previously recovered
from SARS-CoV infection may not be fully protected against SARS-CoV-
2 infection, and vice versa. The more proper understanding of the S
protein and its accessible antigenic regions will help to develop more
effective antibodies or drugs to fight against SARS-CoV-2 effectively.

4. Insights of IgY antibodies

Antibodies are also called as immunoglobulins, which are associated
with the humoral immune response [37]. Producing antibodies from
mammals involves stress to animals, such as immunization, blood col-
lection and sometimes sacrifice [46]. An alternative for the mammalian
antibodies is the IgY antibody which is being purified from eggs of
immunized birds (mostly hens and ducks). Looking closely, into the
functions, IgY antibodies are similar to that of mammalian IgG’s [47]
and are transported from the blood serum to the yolk plasma [48].
Chicken egg yolk antibodies (IgY) from hyperimmunized eggs against
tetanus toxin had the ability to neutralize the lethality in in vivo ex-
periments [49]. These neutralizing antibodies from chickens were later
termed as IgY in 1969 [50]. Chicken egg yolk antibodies (IgY) were
considered to be the largest source of major nutrients and the chicken
eggs also contains various other biological substances in it that forms
the basic unit of life [51,52].

In recent years, the use of 3R’s (Reducing, Refining and Reusing) has
been well accepted by industries producing antibodies and IgY clearly
defines the use of 3R’s, which has allowed the production of IgY anti-
bodies for research, diagnostic and therapeutic purposes. IgY antibodies
are highly effective in neutralizing the bacterial and viral diseases of
respiratory system, causing no side effects [52]. The response of im-
munoglobulins in chickens to the highly conserved mammalian proteins
is robust showing higher affinity, thereby potentially targeting broad

Fig. 1. Morphological representation of SARS CoV-2 coronavirus and its Spike
protein (S) with structural binding domain regions.
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spectrum of epitopes on protein immunogens [49].
Molecular weight of IgY is around 180 kDa and is slightly greater

than IgG (150 kDa) as the IgY heavy chain has an additional constant
domain and higher amounts of carbohydrates [53]. Hinge region is
absent in the heavy chain of IgY. Sequence analysis of IgY and IgG
showed that CH3 and CH4 domains of IgY are closely related to CH2
and CH3 domains of IgG [54]. Irrespective of IgY being a protein mo-
lecule, it shows resistant to heat at temperatures ranging from 30 to
70 °C and is active at pH 3–11 [55]. The isoelectric point (pI) of IgY is
between 5.4 and 7.6 and are stable for a period of 10 years at 4 °C, at
room temperature for 6 months and for 1 month at 37 °C, without loss
of any activity. Since antibodies from chickens are harvested from egg
yolks, chickens show higher advantages to conventional mammalian
species such as rabbits, goats and sheep. Chickens are able to produce
100–150 mg of antibodies per yolk, of which 5–10% is the specific
antibody [46,56]. A chicken can lay up to 300–325 eggs every year
which yields 20–30 g of IgY production.

Antibody fragments are originally the proteolytic cleavage mole-
cular fragments of the full length antibodies and their properties makes
them amenable for developing recombinant antibody libraries and such
selection of scFv antibodies recognises the unique specific target of the
antigens [47] and it is clear that the antibody fragments developed
using phage display technology is a powerful tool in the molecular
study targets. Attribution to the chicken egg olk IgY monoclonal anti-
body production using phage display model will be more likely to ob-
tain a robust immune response against various highly conserved
mammalian protein molecules from the chicken hosts [57] and due to
the presence of an additional constant region (CH2) in the heavy chain
they lack the flexible hinge region [58]. The scFv libraries of re-
combinant chicken egg yolk monoclonal antibody fragments can be
generated easily by cloning a single pair of oligonucleotides of either
heavy and light chain gene receptors effectively [57] (Fig. 2).

5. Use of IgY antibodies in passive immunization therapy

The administration of preformed antibodies or immunoglobulins to
treat various infectious diseases is known as passive immunization
therapy [58–60] and transferring of such pathogen specific derived
antibodies to non-immune subjects by oral, intravenous and systemic
route of passive immunization. Owing to such immediate, short-term
development of immunity, continuous and mass production of highly
specific antibodies can be produced by hyperimmunization of chickens
with target antigens will be the need of the hour [61] for large scale
production of antibodies ensuring higher purity and constant supply of
antibodies [62]. Intranasal route of passive immunotherapy proves to
be highly promising and effective in treating many viral infections
because it binds directly to the virus, acts rapidly to neutralize the virus
and one such has also been reported with the use of IgY antibodies
against SARS CoV outbreak in china [63–65].

6. IgY monoclonal antibody production using phage display
method

In recent years the use of monoclonal chicken IgY antibodies de-
rived from phage display technology has been widely studied and
promising results of producing neutralizing antibodies has been ob-
served by different research groups. It was in 1985 when George smith
first used this technology, which used an expression vector, having a
capability of presenting the foreign amino acid sequences, which could
bind to the antibody [66]. This technology was considered as an al-
ternative to the conventional production of monoclonal antibodies
using hybridoma technology. The major advantage of using PDT is that
the generation of scFv/ Fab fragments specific to a particular antigen
can be performed within few weeks [67]. The immunoglobulin re-
pertoire of chickens is ideally suited for phage display, as it is generated
from a single set of VH and VL germ line sequence [68]. The phage

Fig. 2. Structural comparison of mammalian antibody (IgG) and chicken egg yolk antibody (IgY) and their recombinant scFv fragment structures.
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display system is considered as a fast and valuable technique for
monoclonal antibody production against broad viral infections [69]. In
the conventional monoclonal antibody production through hybridoma
technology, the lymphocytes are isolated, immortalized by hybridiza-
tion with myeloma cells which paves a way for in vitro cloning in eu-
karyotic cell culture system. Whereas in the phage display technology,
the prokaryotic system is used for cloning the cells.

In brief, for phage display technology, first the lymphocytes are
being isolated from spleen of the host animal, followed by encoding the
DNA of the binding region of immunoglobulins in new expression
system. The RNA is prepared from lymphocytes and reverse tran-
scripted into cDNA. The variable regions of immunoglobulin antibody
cDNA are amplified by PCR. The DNA is then ligated into suitable
vectors, which are then used for transformation of E. coli. The next step,
the latter are infected with helper phages. The result is that the bacteria
expresses and releases phage particles containing the vector DNA,
showing the engineered antibody protein on their surfaces [70] (Fig. 3).

The scFv antibody (IgY) library from immune spleen cells of
chickens against virulent infectious bursal disease virus (vvIBDV) strain
CS89 for detection and differentiation of vvIBDV from other IBDV
strains [71]. IgY antibodies against the SARS coronavirus strain (BJ01)
has been proven to be effective in neutralizing the virus at an ELISA
titre of 1:640 against the particular virus [72]. Development of mono-
clonal IgY scFv antibodies against the spike (S) protein of SARS-CoV,
proved to neutralize the virus under in vitro conditions which confirmed
that the epitope (S protein) is a suitable candidate for development of
vaccine and for rapid detection of viral infections [65]. It has also been
stated that using the biotin-tagged phage conjugated with streptavidin
coated quantum dot has the ability to detect as few as 10 cells/ml
[65,73]. IgY antibodies purified from ostrich eggs can aid in develop-
ment of antibody vaccines for corona virus, SARS- CoV and MERS-CoV
[74]. For selection of phage display systems, moreover E. coli fila-
mentous bacteriophages, such as the M13 phages are commonly used

[75]. Most commonly, for construction of library, the following steps
are widely preferred,

i. Preparation of primary library or amplification of the existing one
ii. Exposing phage particles to target (cell surface proteins/vascular

endothelium)
iii. Removing non-specific binders (washing/perfusion)
iv. Recovery of the target bound by elution or direct bacterial infection
v. Amplification of recovered phages.
vi. Repeating step (i) until highest binding population is reached, bio-

panning is repeated.

7. Mode of action of monoclonal IgY antibodies

Currently, there are various ongoing clinical trials which involves
different drugs leading to the discovery of potential vaccine or the
potential drug to treat SARS CoV-2 pandemic which would then lead to
the rapid development of vaccine and its application as a powerful
means in preventing the global pandemic situation. Inspite of these,
vaccine developments are little slower compared to the human trans-
mission of SARS CoV-2 infection there is still an urgent need and ne-
cessity for vaccine development [76]. Also, it is clear that the epidemic
situation became pandemic and it is appearing to be transformed likely
to a flu-like seasonal infection from human to human transmission
which is still rapidly co-existing with human hosts for long time.

The above schematic representation explains the mode of action of
the chicken monoclonal scFv IgY antibodies developed against SARS
CoV-2 spike protein as an immunotherapeutic tool. Currently, the most
commonly used recombinant antibody fragments are the single-chain
variable (scFv) fragments which is of approximately 25 kDa in size.
These scFv antibody fragments are composed of VL and VH domains of
light and heavy chains of the full length antibody molecule and are
linked to specific linkers. Both these domains can be generated against

Fig. 3. An overall schematic outline of generation, isolation and screening of anti-SARS CoV-2 monoclonal scFv IgY antibodies against the spike protein (S) of SARS
CoV-2 antigen using phage display technology.
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the target protein to develop scFv antibody molecules to recognize the
specific antigens. Also, the smaller size of the scFv antibody molecules
holds greater advantage in higher yielding of specific antibodies which
can be successfully attained from expressing in the host vectors like E.
coli and the antibody affinity can be enhanced to target the antigen by
multiple cycles of screening process and by using random mutagenesis
of the CDR regions effectively. Further, these repeated phage selection
screening cycles improves the selection of positive antibody scFv frag-
ments and the coupling of various selection strategies during in vitro
screening of phages containing positive clones of antibodies will be a
powerful method to tailor the scFv monoclonal IgY antibodies fragment
targeting the specific antigen of interest in this perspectives. Hence,
recombinant antibody production of monoclonal antibodies involved
with variable fragment genes (VH/VL) obtained by PCR amplification
from the B-cell repetoires are assembled here forming a full length
single chain variable antibody fragment (scFv) [Fig. 3].

These scFv regions are cloned and expressed into vectors (E. coli) for
generating antigen-specific IgY antibodies expressing the antibody li-
brary and it is constructed [77–79] which ensures that the antibody
library constructs are not diversified during amplification [80,81]. It
has also been reported thar recent studies with production of IgY
monoclonal antibodies designed based on ezymatic methods for as-
sembling scFv IgY antibodies [82]. This method of chicken IgY mono-
clonal antibody production against SARS CoV-2 spike protein (S) would
be more standardized, reproducible and suitable for large scale pro-
duction of antigen specific antibodies (anti-SARS CoV-2 IgY antibodies)
which inhibits the antigen (SARS CoV-2) to the binding receptor (ACE2)
present on the human cell membrane and thereby leading to prevention
of viral entry or replication in the host cell effectively (Fig. 4). Ad-
ditionally this technology offers lesser methodological variabilities
when compared to that of bacterial display technology [83] and also
ensures that the expressed scFv antibody targets are structurally and
functionally correct with higher capability of target antigen binding for
effective neutralization [71]. Currently, immune and naïve derived
antibody libraries from avian sources using phage display method can
be easily established and the distinctive immunological benefits of
chicken antibodies enables development of highly specific unique an-
tibodies creating an efficient immunotherapeutic and diagnostic tool
that allows the capture of distinct conformational structural changes of
immunoglobulin molecules pertaining to their protein structures.

8. Clinical perspectives and potential use of monoclonal IgY
antibodies

Development of chicken monoclonal IgY antibodies using phage
display technology for its promising applications in diagnosis and
therapeutic use widely to treat various pathogenic infections especially
viral diseases like the current pandemic SARS CoV-2 infection. Still,
there is need for numerous areas of research required for the develop-
ment and use of high-affinity monoclonal IgY antibodies. Immunization
of these developed antibodies can be performed effectively to reduce
the immunogenecity of the developed antigen-specific monoclonal IgY
antibodies against SARS CoV-2 as a parameter that should be con-
sidered in using these antibodies in use as immunodiagnostic and im-
munotherapeutic mode of treatments and humanization of monoclonal
IgY antibodies has been reported to be successful tool as im-
munotherapeutic administration [84,85]. Additionally, various studies
has been reported that the use of chimeric scFv chicken IgY antibodies
can be extended further to other mammalian species in veterinary ap-
plications and the more recent use of chicken IgY monoclonal anti-
bodies seems to have more potential in immunotherapy [86,87]. Hence,
molecular characterization also allows researchers to determine and
correlate target specific parameters of scFv IgY genes in relation to its
properties like thermal stability, aggregation capacity, solubility,
binding efficacy and its expression stability [88,89]. The residual
changes of scFv IgY antibodies facilitates the bioconjugation chemis-
tries of chicken scFv IgY immunoglobulin when it reacts with certain
chemicals like chelating agents and prodrugs used in certain im-
munotherapeutic treatments [90]. Therefore, these approaches and
reported studies reinforces that the need of future research in con-
tribution to better understanding and knowledge of chicken IgY
monoclonal antibodies against specific antigens like SARS CoV-2 ex-
plained here can be developed further from the molecular level to the
large scale production of antibodies with their effective applications
thereof effectively.

It has been proven that antibody receptors that are specifically en-
gineered to a target antigen with combined specific sites were used in
human therapy and reported to be effective with these single-chain
antigen binding molecules [91]. Also, chicken immunoglobulin frag-
ments like chFcR/L receptor molecules were identified to be the first
member of this avian antibody family which plays a vital role in

Fig. 4. Diagrammatic representation of mode of action of anti-SARS CoV-2 scFv IgY monoclonal antibodies which inhibits the attachment check points of the virus to
the ACE2 receptors present on the cell membrane and prevents the entry into the cell.
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mammalian immune system that makes it a significant and important
tool in immunoregulatory family and additionally exploring these
specific mechanisms would be certainly contributing a new perspective
on antibody small molecule receptor interactions [92]. Further analysis
provides evidences that some of the major shifts in the mode of Fc, scFv
receptor binding regions during immunoglobulin evolutions undergoes
various structural changes which may lead to develop novel functions
during the evolution of immunoglobulins in mammals [93].

The development of chicken IgY monoclonal antibodies using phage
display method against various target pathogens have been reported to
be effective in enriching the target specific scFv IgY antibodies from the
phage displayed antibody libraries [93]. Also, it is noted that the fea-
sibility and effectiveness in generating highly specific scFv IgY mono-
clonal antibodies using phage display method in chickens is sig-
nificantly potential and the ability in generating mass production of
these highly specific monoclonal scFv IgY antibodies will facilitate the
investigations of their ability to quantitative and qualitative response to
the target pathogen contributing to be a valuable tool in im-
munotherapeuti applications [94]. Further to this, these IgY antibodies
were even developed against snake venoms which has the potential to
replace equine antibodies because they do not cause any adverse effects
upon therapeutic administration [95]. Recently, it has also been re-
ported that anti-ZIKV-E IgY antibodies has been a potential target for
development of vaccine and immunodiagnostic assays which were de-
rived from the antibody libraries and these scFv antibody fragments
effectively played a vital role in inhibition and detection assays [96,97].

9. Conclusion and future perspectives

To face the current global pandemic situation of SARS CoV-2, it is
the need of the hour to have better diagnostic and therapeutic modes
for overcoming this health problem. Hence, production of highly spe-
cific monoclonal antibodies using chicken egg yolk antibodies (IgY) by
phage display method against SARS CoV-2 will be an effective platform
which holds much effective clinical and scientific advantages
[15,98,99]. The use of monoclonal IgY antibodies promises the need for
effective and continuous research to improve further in various aspects
and development of monoclonal IgY antibodies using phage display
system will combine the benefits of both mammalian monoclonal an-
tibodies (IgG) and avain antibodies (IgY). Also chicken monoclonal IgY
antibodies proved to be more specific when compared to polyclonal
antibodies in recognizing a single unique epitope. Thus, the identified
epitope of SARS CoV-2 spike protein (S) will be an effective potential
candidate for antibody based vaccine development as im-
munotherapeutic agent in preventing and treating the infection and
thereby playing a vital role in both scientific and clinical applications. It
is foreseen that chicken scFv IgY antibodies developed against SARS
CoV-2 spike protein (S) using phage display technology can be a po-
tential model for effective mass production of high-affinity monoclonal
IgY antibodies to treat this disease with standardized preparation for its
effective use in long term.
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