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Abstract
Despite the record speed of developing vaccines and therapeutics against the SARS-CoV-2 virus, it is not a given 
that such success can be secured in future pandemics. In addition, COVID-19 vaccination and application of 
therapeutics remain low in developing countries. Rapid and low cost mass production of antiviral IgY antibodies 
could be an attractive alternative or complementary option for vaccine and therapeutic development. In this 
article, we rapidly produced SARS-CoV-2 antigens, immunized hens and purified IgY antibodies in 2 months after 
the SARS-CoV-2 gene sequence became public. We further demonstrated that the IgY antibodies competitively 
block RBD binding to ACE2, neutralize authentic SARS-CoV-2 virus and effectively protect hamsters from SARS-
CoV-2 challenge by preventing weight loss and lung pathology, representing the first comprehensive study with 
IgY antibodies. The process of mass production can be easily implemented in most developing countries and 
hence could become a new vital option in our toolbox for combating viral pandemics. This study could stimulate 
further studies, optimization and potential applications of IgY antibodies as therapeutics and prophylactics for 
human and animals.
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Introduction
A novel coronavirus related to severe acute respira-
tory syndrome (SARS) [1], namely SARS coronavirus 
2 (SARS-CoV-2), causes the highly contagious respira-
tory coronavirus disease 19 (COVID-19).Unfortunately, 
if infected patients cannot mount an efficacious adap-
tive immune response or lack the necessary medical 
treatment for viral clearance to prevent adverse symp-
toms, they may deteriorate into severe acute respiratory 
distress syndrome with hypoxemic respiratory failure, 
resulting in severe pneumonia and multi-organ failure, 
and even death, within days [2–4].

Vaccination is the most effective measure to control 
pandemic viral transmission. Fortunately, with the global 
efforts, multiple COVID-19 vaccines have been devel-
oped in record speed and over 5 billion people have been 
vaccinated with at least 1 dose of vaccine globally [5]. It 
only took just a couple of months for the mRNA based 
vaccines approval for clinical trial, but we should not take 
it for granted that the success achieved with the COVID-
19 vaccines can be easily replicated for future emerging 
pandemic viruses. In fact, vaccine development typically 
takes 8–10 years or more, and to date, no vaccines have 
been approved for marketing for HIV, Zika, etc. Although 
mRNA vaccines have been shown to be highly efficacious 
and generally safe in clinical trials and mass vaccination, 
stringent requirements for storage and shipment under 
sub-zero degree conditions, costs of supply and admin-
istration, needle phobia and some rare side effects have 
led to vaccine hesitancy and lower vaccination in many 
countries. Alternative prophylactics without injection 
site or systemic side effects could potentially help to per-
suade unvaccinated population to receive vaccination.

Chemical antiviral drugs and neutralizing antibodies 
have shown protective efficacy in treating mild to moder-
ate COVID-19 patients [6–8]. Oral chemical drugs can be 
taken at home in comparison to the hospital administra-
tion of i.v. infused antibody drugs, but chemical antiviral 
drugs in general could take longer time to develop than 
monoclonal antibodies. Despite the success achieved 
with COVID-19 therapeutics at unprecedented speed, 
there is no certainty that such success can be replicated 
for future pandemics. In addition, both small molecule 
drugs and monoclonal antibodies are subject to resistant 
mutations. Hence, rapid development of more therapeu-
tic options is important to encounter viral mutations.

Egg yolk IgY antibodies can be rapidly produced at 
relatively low cost. IgY antibodies do not interact with 
human Fc receptors and do not induce antibody-depen-
dent enhancement or activate human immune rejection 
[9], and have been used against bacterial and viral infec-
tions in humans and animals [10]. Apparently, egg yolk 
antibody could be an attractive choice for treating infec-
tious diseases such as COVDI-19.

In this article, a proof-of-concept study is carried out to 
demonstrate feasibility of rapid development of egg yolk 
antibodies as a COVID-19 prophylactic and therapeutic 
option.

Methods
Cell and viruses
RBD-mFc protein (Cat. 40,592-V05H) were purchased 
from Sino Biological, Inc. (Beijing, China). The HEK293 
cell line, pseudovirus PSV-Luc-Spike (M), and the 
ACE2-overexpressing 293FT (293FT-ACE2) cell line 
were provided by Sinocelltech Ltd (Beijing, China). The 
SARS-CoV-2 isolate Wuhan-Hu-1(GenBank accession 
no. 622,319), Omicron BA.2.76(EPI_ISL_12810061) and 
Vero E6 cells were provided by the biosafety level 3 labo-
ratory of the Second Military Medical University (Shang-
hai, China).

Immunogen RBD-mFc protein expression, purification, and 
quality control
The target genes encoding the RBD protein of the SARS-
CoV-2 spike protein (Arg319-Phe541; GenBank accession 
no. YP_009724390.1) were amplified by PCR, subcloned 
into the vector, and the plasmid DNA was extracted and 
sequenced to confirm the correct insertion sequence. 
The protein was expressed in the HEK293E cells through 
transfection with transfection reagent TF1 (Sino Biologi-
cal Inc.), and purified protein was processed from the 
medium supernatant after 7 days. The obtained protein 
samples were monitored with SDS-PAGE.

ELISA determination of purified RBD-mFc protein binding 
activity with ACE2
ELISA was performed to detect the binding of RBD-mFc 
protein to ACE2 receptor, as previously described [11]. 
The recombinant RBD-mFc protein was diluted to 2 µg/
mL in phosphate-buffered saline (PBS, pH 7.0) and 100 
µL was added into each well in 96-well plates. The plate 
was covered and incubated at 4℃ overnight, then aspi-
rated and washed once with phosphate-buffered saline 
with 0.05% Tween 20 (PBST). Next, 300 µL blocking 
solution (2% bovine serum albumin [BSA] in PBST, pH 
7.4) was added to each well, incubated at room tempera-
ture for 60 min, then aspirated and washed twice. Human 
recombinant ACE2 protein (His tag) (Cat. 10,108-H08H, 
Sino Biological) was diluted to 20 µg/mL in dilution buf-
fer (0.1% BSA in PBST, pH 7.4). A 7-point curve was pre-
pared using 5-fold serial dilutions stating from 20  µg/
mL. The dilution buffer was used as the zero standard 
(0 µg/mL). The sample (100 µL) was transferred to each 
well and the plate was covered and incubated at room 
temperature for 60  min before it was aspirated and 
washed three times. Anti-His tag antibody (HRP) (Cat. 
105,327-MM02T-H, Sino Biological, Inc.) was diluted to 
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0.12 µg/mL in dilution buffer (0.5% BSA in PBST, pH 7.4) 
and 100 µL was transferred to each well. The plate was 
covered and incubated at room temperature for 60 min, 
then 200 µL tetra-methyl benzidine (TMB) was trans-
ferred to each well. The plate was covered again and incu-
bated at room temperature for 20  min. H2SO4 (50 µL, 
2  M) was added to each well to halt the TMB reaction. 
The optical density at 450 nm (OD 450 nm) was detected. 
Data analysis was carried out with GraphPad Prism 8.0.1. 
The value of EC50 was calculated from the best-fit curves 
for experiment using Prism EC50 curve-fitting algorithm.

RBD-mFc protein immunization of hens
As the immunogen, pure RBD-mFc protein was com-
bined and emulsified in equal proportions with Freund’s 
immunological adjuvant. The first immunization used 
complete Freund’s immune adjuvant while the remain-
ing immunizations used incomplete Freund’s immune 
adjuvant. Each hen (Ten 5-month-old Kangle chickens, 
weighing about 1600  g; Eggs laid before immunization 
were collected as a control.) was injected at multiple sites 
(i.m.) with 300 µg recombinant spike protein and immu-
nized at 10-day intervals for the first five immunizations 
and then at 1-month intervals afterwards. We collected 
the eggs, and the egg supernatant titer was tested after a 
week off per vaccination. The egg yolks were separated, 
diluted with ultrapure water at 1:7 volume, 1 M HCl solu-
tion was added to adjust the pH to 5.0, and then incu-
bated overnight at 4℃ or stored at -20  °C until used. 
After 30-min centrifugation at 4120 ×g, the egg superna-
tant titer was tested by ELISA.

IgY production and purification
We used an improved extraction, namely, lipoprotein was 
first separated at -20℃, then the antibodies were purified 
using 2-step ammonium sulfate precipitation. The details 
are as follows: the yolk was carefully removed from the 
egg white and rolled on a paper towel to remove any 
egg white before being diluted eight folds with double-
distilled water (ddH2O) (pH 5.0). Next, it was incubated 
for 2 h at -20℃, thawed at room temperature, and cen-
trifuged at 4120 ×g and 4℃ for 30  min. The superna-
tant was removed and filtered through a 0.22-µm filter. 
Ammonium sulfate was added to the supernatant until 
the concentration was 40%, then the supernatant was 
placed at 4℃ for 2 h, centrifuged at 4120 ×g for 30 min, 
and the supernatant was removed. The precipitation was 
dissolved in PBS (pH 7.4). Then, ammonium sulfate was 
added to form a final concentration of 35%, and the mix-
ture was placed at 4℃ for 2 h, then centrifuged at 4120 
×g for 30  min. The supernatant was discarded and the 
precipitation was dissolved in PBS (pH 7.4). The con-
centration of IgY protein was measured photometrically 
at 280  nm using UV spectra (NanoDrop One, Thermo 

Fisher Scientific Inc, USA) and was calculated according 
to the Lambert-Beer law with an extinction coefficient 
of 1.36 for IgY. The purity of IgY was monitored with 
SDS-PAGE.

ELISA testing of IgY binding ability with RBD protein
ELISA was performed to detect the binding of IgY to 
RBD protein [12]. The SARS-CoV-2 spike RBD-mFc was 
combined with solid-phase carriers to form the solid-
phase conjugate. After washing unbound protein and 
impurities away, the test product IgYs (3-fold serial dilu-
tions stating from 300  µg/mL) were added to bind with 
the solid-phase antigen to form the solid-phase immune 
complex. Next, horseradish peroxidase (HRP)-labeled 
rabbit anti-chicken IgYs were added. The IgYs on the 
solid-phase immune complex were combined with an 
HRP-conjugated antibody. The enzyme catalyzed the 
substrate that had been added earlier. The OD450 was 
read by a multi-well spectrophotometer. Data analysis 
was carried out with GraphPad Prism 8.0.1. The value of 
EC50 was calculated from the best-fit curves for experi-
ment using Prism EC50 curve-fitting algorithm.

Competition ELISA
We used a competition ELISA to evaluate the ability of 
the IgY to inhibit binding of RBD protein to the human 
ACE2 [13]. The solid-phase conjugate consisted of SARS-
CoV-2 spike RBD-mFc and the solid-phase carrier. The 
RBD were incubated overnight at 4℃ in high bind 96 
well plate. After removing unbound protein and impu-
rities, a serial dilution of purified the IgY and ACE2 (Fc 
Tag) (Sino Biological Inc., cat. no.: 10,108-H02H) were 
added to combine with the solid-phase antigen to form 
the solid-phase immune complex. After incubated for 
1 h at 37 ℃, HRP-labeled goat anti-human IgG (FC) was 
added, and the ACE2-FC on the solid-phase immune 
complex was combined with HRP-conjugated antibody 
to catalyze the solid-phase substrate. The inhibition rate 
was calculated using colorimetry. Data were analyzed 
using GraphPad Prism 8.0.1.

Pseudovirus neutralizing assay
The effectiveness of IgY suppression of the SARS-CoV-2 
pseudovirus [PSV-Luc-Spike(M)] was measured using 
luciferase-generated luminescence [14]. 293FT-ACE2 
cells were infected with lentivirus expressing SARS-
CoV-2 spike protein and luciferase. The light emission 
was detected by a microporous plate luminometer when 
the pseudovirus invaded the cells, with the luciferase 
reacting with the substrate. Lower bioluminescence 
intensity (relative light unit [RLU]) indicated higher 
IgY antibody activity against the SARS-CoV-2 pseudo-
virus. In brief, IgYs were serially diluted, incubated with 
100 TCID50/well pseudovirus (1 h at 37℃, in a 5% CO2 
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incubator), and co-cultured with 3 × 104 293FT-ACE2 
cells for 20  h. After incubation, the supernatant was 
removed and 1×Passive lysis buffer was added at 50  µl/
well to lyse the cells. Relative light unit (RLU) of the cell 
lysate was measured to evaluate luciferase activity. The 
neutralization percentage was calculated by the formula: 
Neutralization (%) = (Positive Control RLUs-Sample 
RLUs) / (Positive Control RLUs-Negative Control RLUs) 
×100%. Neutralization titers of the antibodies were pre-
sented as 50% maximal inhibitory concentration (EC50) 
which determined by the Reed-Muench method. Data 
analysis was carried out with Excel 2016.

Authentic SARS-CoV-2 omicron strain neutralization assay 
of IgY
We performed an authentic SARS-CoV-2 Omicron 
BA.2.76 strain virus neutralization assay with anti- SARS-
CoV-2 Omicron BA.2.76 strain IgYs in a biosafety level 3 
laboratory. The cell culture medium contained a series 
of anti-SARS-CoV-2 Omicron BA.2.76 strain IgYs from 
2-fold serial dilutions starting from 50 µg/mL concentra-
tion. After 1-h incubation with the SARS-CoV-2 Omi-
cron BA.2.76 strain virus at 37℃, the IgYs were added to 
Vero E6 cells, and the cells were cultured for 24 h. Then, 
the supernatant of the cell culture was discarded and the 
cells were treated with anhydrous methanol at -20°C for 
20 min. The cells were then washed with precooled PBS 
and incubated with 3% BSA for 2  h at room tempera-
ture. Serum from convalescent patients (1:400 dilution) 
was added as the primary antibody and incubated at 4℃ 
overnight. The supernatant was discarded and the cells 
were washed in precooled PBS three times. Then, FITC-
labeled anti-human IgG antibody was added for 1-h 
incubation at room temperature. The supernatant was 
discarded and the cells were washed with precooled PBS 
and stained with DAPI (4’, 6-diamidino-2-phenylindole) 
at room temperature for 10  min. The cells were then 
washed with precooled PBS once again. The cytopathic 
phenotype was observed every day and the number of 
positive cells were counted.

Large-scale purification of IgYs
The egg yolk of immunized hens was separated by egg 
yolk sieving, then 8-fold distilled water was added to stir 
and mix to prepare the mixture at pH 5.0–5.2 (adjusted 
by 1 M HCl) and held for precipitation at 4℃ overnight. 
The mixture was centrifuged at 8230 ×g for 20 min and 
the precipitate was discarded. Octanoic acid was slowly 
added to the collected supernatant to 1% octanoic acid to 
remove impurities. The mixture was stirred until smooth 
and the supernatant was collected for ultrafiltration con-
centration after standing at 4℃ for 2  h and was centri-
fuged at 4℃ for 30 min at 8230 ×g. Diatomite (3%) was 
added as a filtration aid, and the filtrate was extracted by 

vacuum filtration with a 0.45-µm mixed cellulose ester 
membrane (0.09  MPa). A 50,000-molecule interception 
ultrafiltration membrane was selected, the material was 
fed at room temperature, and the filtrate was concen-
trated by ultrafiltration in single-stage batch operation 
mode to obtain concentrated IgYs, followed by Pasteur 
disinfection and 0.22-µm membrane filtration.

Hamster model of SARS-CoV-2 infection
The SARS-CoV-2 strain had been isolated from a patient 
with laboratory-confirmed COVID-19 by passaging in 
Vero E6 cells [11]. The virus working stocks were propa-
gated and titrated in Vero E6 cells in the presence of tosyl 
phenylalanyl chloromethyl ketone (TPCK)-treated tryp-
sin at 2 µg/mL. The stocks were stored at -80 °C prior to 
experimental infections. All experiments involving infec-
tious viruses were performed in the biosafety level 3 facil-
ity of the Second Military Medical University.

The hamsters were randomly classified into three 
groups (n = 6 per group) for the SARS-CoV-2 challenge 
experiments. Animals were mock-infected in the first 
group (naïve group). In the second and third groups 
(control and treatment, respectively), the animals were 
treated placebo (control group) or the RBD IgY (8.6 mg 
intraperitoneally and 1.7 mg i.n.) 1 day before challenge, 
and 1.7  mg i.n. twice daily for five days after challenge. 
Hamsters in the control and treatment groups were 
infected i.n. with 8 × 104 TCID50 (median tissue culture 
infective dose) SARS-CoV-2 diluted in 80 µL Dulbecco’s 
modified Eagle’s medium as previously described27 [11, 
15]. At 4 dpi, the three hamsters in each group were 
killed and their lungs were obtained for RT-PCR virus 
load analysis and pathological testing. The weights of the 
remaining three hamsters in each group were tracked 
every day for 14 days.

Hematoxylin and eosin (H&E) staining
The hamster lung tissues were preserved in 4% para-
formaldehyde and embedded in paraffin. The tissue 
Sect.  (3  μm) were dewaxed, rehydrated, and underwent 
routine H&E staining. The tissue sections were examined 
and imaged under a light microscope. The results were 
scored semi-quantitatively for alveolar septal thickening 
and inflammatory cell infiltration, alveolar exudate, and 
hemorrhage based on the H&E-stained scans [14]. Date 
were presented as Mean ± SD and were analyzed using 
unpaired t test with GraphPad Prism 8.0.1. p < 0.05 was 
considered statistically significant.

RNA extraction and RT-qPCR
As previously reported, hamster lung samples were 
obtained postmortem for viral detection using RT-qPCR 
[15]. Briefly, total RNA was extracted from the lung tis-
sues using TRIzol (Thermo Fisher Scientific, Shanghai, 
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China). The RNA concentrations and absorbance at 
260  nm (A260)/A280 ratio were assessed with a multi-
plate reader (Synergy 2; BioTek, Shanghai, China). RNA 
was converted into complementary DNA (cDNA) using 
a reverse transcription system (Promega, Madison, 
WI, USA). The cDNA product was used for the follow-
ing qPCR analysis directly with TB Green Fast qPCR 
Mix (TaKaRa, Otsu, Japan) and gene-specific primers. 
Hamster β-actin expression was used for normalization. 
Additionally, a standard curve was constructed using 
expression plasmids of the SARS-CoV-2  N gene and 
hamster β-actin. The SARS-CoV-2 RT-qPCR was quanti-
fied as copy numbers. Date were presented as Mean ± SD 
and were analyzed using unpaired t test with Graph-
Pad Prism 8.0.1. p < 0.05 was considered statistically 
significant.

Results
RBD-mFc protein antigen production
After the deposit of the newly sequenced SARS-CoV-2 
viral genes into the public domain on January 11, 2020, 
Sino Biological quickly synthesized the spike protein 
gene and expressed various constructs in HEK293 cells 
and insect cells. RBD-his, RBD-mFC, S1-his and Spike-
ECD were produced in 11 days on January 22, 2020. 
When the Omicron variant emerged, Sino Biological 
took only 6-days to produce these viral protein antigens, 
demonstrating the feasibility of rapid production of viral 
proteins for immunization.

The viral antigens were used to immunize mice and 
hen for neutralizing antibody production. RBD-mFc was 
selected as an example to demonstrate the feasibility of 
rapid and low cost mass production of polyclonal neu-
tralizing IgY antibodies, due to high expression yield and 
high purity (> 95%) production with a one-step protein A 
affinity purification (Fig.  1A). We determined the activ-
ity of RBD-mFc protein binding with the ACE2 receptor 

Fig. 1 Preparation of anti-SARS-CoV-2 IgY. (A) Expression and purification of RBD-mFc proteins. Lane 1: RBD-mFc protein; lane 2: a purified IgG antibody 
with the heavy chain assigned 50 kDa and the light chain 26 kDa as a molecular control. (B) The binding activity of RBD-mFc protein to human ACE2 was 
determined by ELISA. (C) Schematic diagram and workflow for the preparation of RBD IgY. The SARS-CoV-2 RBD-mFC was expressed in HEK293E cells. 
Hens were immunized by purified RBD-mFc. Anti-RBD IgY were purified from eggs by using 2-step ammonium sulfate precipitation. (D) IgY purification. 
Electrophoresis under reducing conditions demonstrated characteristic IgY banding patterns with molecular weights of 68 kDa and 25 kDa, representing 
the IgY heavy and light chain, respectively
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with enzyme-linked immunosorbent assay (ELISA) 
(Fig. 1B), which indicated a significantly higher ability to 
bind ACE2 at a median effective concentration (EC50) of 
19.8 ng/mL.

Hen immunization and IgY purification
The procedure of anti-SARS-CoV-2 IgY preparation is 
described in Fig.  1C. The IgY titer in immunized hens 
rose continually following the second and fifth booster 
immunizations on day 10 and 60, respectively (S1 Fig). 
The eggs collected after the fifth booster immuniza-
tion on days 57–84 contained high titers of IgY. The 
titers increased continually post-sixth immunization. 
The purified IgYs were identified using electrophoresis 
under reducing conditions (Fig. 1D). Generally, each yolk 
yielded an average 58.8 mg of IgY.

IgY characterization in vitro
The purified IgY antibodies were characterized with vari-
ous analytical methods (S1 Table, Fig.  2). ELISA of the 
antibody immunoreactivity (Fig. 2A) showed that the rel-
ative antigen-binding activity of IgY with RBD was 100% 
at an EC50 of 14.06 µg/mL (R2 = 0.9988). The data analy-
sis (Fig.  2B) showed that increasing the IgY concentra-
tion prevented the interaction between RBD and ACE2 
effectively. We performed pseudoviral infection assays 
using 293FT-ACE2 cells (Fig. 2C), which showed that IgY 

against the SARS-CoV-2 pseudovirus at an EC50 at 55 µg/
mL.

The live authentic viral infection assay was performed 
in the biosafety level 3 laboratory of the Second Mili-
tary Medical University, Shanghai, China. The IgYs 
demonstrated obvious binding with SARS-CoV-2 Omi-
cron BA.2.76 strain (Fig.  2D) and blocked SARS-CoV-2 
Omicron BA.2.76 strain infection. Figure 2D shows that 
50  µg/mL SARS-CoV-2- Omicron BA.2.76 strain-neu-
tralizing IgY neutralized 99% of SARS-CoV-2 Omicron 
BA.2.76 strain, which is the first such evidence reported.

IgY antibodies protected hamster from SARS-CoV-2 
challenge
Clinical presentation and viral load in the lungs of Syr-
ian hamsters dosed with RBD IgY following SARS-CoV-2 
infection were assayed( Fig.  3A ). Experimental SARS-
CoV-2 inoculation via the intranasal (i.n.) routeresulted 
in transient but significant weight loss in untreated ani-
mals as early as 2 days post-inoculation (dpi), which 
approached 16% weight loss by day 6 dpi and normal-
ized by day 13 dpi (Fig. 3B and C Fig. 3A). Compared to 
the controls, RBD IgY treatment protected the animals 
against significant weight loss between day 4 and 14 dpi 
(Fig. 3B and C). At 4 dpi following IgY antibody admin-
istration, reverse transcription–quantitative PCR (RT-
qPCR) assessments of lung viral genomic RNA copies 

Fig. 2 Characterization of IgYin vitro. (A) IgY binding activity with RBD. (B) IgY inhibition activity of RBD protein binding with ACE2. (C) Pseudotype SARS-
CoV-2 virus neutralizing assay. (D) Authentic SAR-CoV-2 Omicron BA.2.76 strain virus neutralization assay of anti SAR-CoV-2 Omicron Omicron BA.2.76 
strain IgY
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demonstrated a 1.04 log 10 (P = 0.0023) reduction in the 
IgY antibody groups, representing a significant reduction 
in SARS-CoV-2 particles in the lungs (Fig. 3D).

We evaluated lung specimens from the 4 dpi necropsy 
group and calculated the pathological scores. A naïve 
hamster was included as a control and presented with 
mild lesions of alveolar epithelial cells, focal hemor-
rhage, and inflammatory cell infiltration. These hyper-
cellular areas may represent regions of atelectasis or 
infection by respiratory commensal [16]. All lungs from 
the control-treated animals demonstrated similar his-
tological symptoms of pneumonia, including a substan-
tial area of alveolar septal thickening, inflammatory cell 
infiltration, and bleeding, and exudates in the vascular or 
alveolar spaces. The RBD IgY-treated animals had signifi-
cantly reduced lung histological indications (Fig. 4A, B). 
Infected hamsters that received systemic administration 

of the SARS-CoV-2 RBD IgY antibodies demonstrated 
significant reduction of viral load in the lungs and 
avoided weight reduction and lung pathology.

Discussion
Vaccination remains the most effective method to control 
pandemic. With the record-breaking speeds of COVID-
19 vaccine development and regulatory authorization or 
approval, a record number of vaccine doses have been 
administered. However, a significant percentage of peo-
ple in developed countries where vaccine supplies are 
abundant remain unvaccinated, due to various reasons, 
such as concerns of side effects and lack of long-term 
safety data. On the other hand, vaccination rate remained 
very low in developing countries due to availability and 
affordability issues as well as challenges to meet low-tem-
perature transportation and storage requirements. Most 

Fig. 3 Clinical presentation and viral load in the lungs of Syrian hamsters dosed with RBD IgY following SARS-CoV-2 infection. (A) Schematic overview 
of the animal experiment. (B) and (C), Hamster body weights were recorded daily at 0–4 dpi (n = 3 per group) and 0–14 dpi (n = 3 per group). Weight loss 
was defined as percentage loss from 0 dpi. (D) Analysis of the virus load in the lung at 4 dpi (n = 3 per group in the control [PBS] group). Comparisons were 
performed with the control group by unpaired t test in GraphPad Prism 8.0.1 each day. Significance levels are **P < 0.01, ***P < 0.001, and ****P < 0.0001
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COVID-19 vaccines require 2 intramuscular (i.m.) doses 
given 3–4 weeks apart. Hence, despite the record speed 
of vaccine development, it took significant time for mass 
immunization and for immunized people to develop 
immunity against the pandemic virus. Furthermore, the 
rapid emergence of vaccine evading mutation variants 
outpaces vaccine development, which complicates efforts 
to achieve herd immunity.

Apparently, despite the great success achieved in 
COVID-19 vaccine and therapeutic antibody develop-
ment, there is still a vital need to develop complimentary 
therapeutics and prophylactics to combat COVID-19 and 
future emerging pandemic viral agents.

IgYs have functional resemblance to mammalian IgGs 
[17] and have been studied for more than a century [18]. 
IgY antibodies demonstrate excellent safety as they do 
not combine with human Fc receptors or activate mam-
malian complement components [9], hence do not cause 
immune responses or antibody-dependent enhancement 
[19], which could be an advantage for usage in people 
with immature or impaired immune responses, such as 
infants and immunocompromised adults [20].

IgY antibodies have outstanding stability during pro-
cessing or storage at room temperature for 6 months 
[21], can maintain physiological activity between pH 4 

and 11 [22]. IgY antibodies can be produced and purified 
on a large scale in the context of industrial egg produc-
tion at low and affordable cost in most countries as no 
expensive or complicated equipment is needed. These 
features make it possible for mass production, distribu-
tion and application of antiviral IgY antibodies in devel-
oping countries.

In this study, we demonstrated that SARS-CoV-2 spike 
protein antigens can be produced in in 1–2 weeks. The 
selection of RBD-mFc construct allowed rapid and high 
yield expression as well as simple one-step affinity puri-
fication to achieve high purity antigen for chicken immu-
nization. High titer chicken eggs can be obtained and IgY 
antibodies can be purified in 2 months, in comparison to 
much longer time for vaccine and therapeutic monoclo-
nal antibody development.

To date, there has been some research on the poten-
tial anti-SARS-CoV-2 effects of IgYs. IgY targeting the 
full-length S protein, S1 subunit, or RBD have been pro-
duced and have demonstrated strong and significant 
inhibition of RBD–ACE2 binding interactions and vari-
able neutralizing activity against SARS-CoV-2 [23–27]. A 
Phase 1 study for assessing the safety and tolerability of 
anti-SARS-CoV-2 S IgY given i.n. to healthy participants 
has been initiated (NCT04567810). These studies show 

Fig. 4 Histopathological analysis of hamsters after SARS-CoV-2 infection. (A) Representative histopathology (10×) of the lungs from naïve, control, or RBD 
IgY-treated hamsters after challenge with SARS-CoV-2 at 4 dpi. The green arrows indicate alveolar septal thickening, blue arrows indicate inflammatory cell 
infiltration, red arrows indicate bleeding, and exudates in the vascular or alveolar spaces. (B) Lung pathology scoring in each group. Comparisons were 
performed with the control group by unpaired t test in GraphPad Prism each day. Significance levels are **P < 0.01
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promise for IgY antibodies as passive immunizers against 
SARS-CoV-2.

Our study demonstrated feasibility of rapidly generat-
ing purified IgY antibodies that neutralized authentic 
SARS-CoV-2 Omicron BA.2.76 strain. We also assessed 
the in vivo efficacy of RBD IgY in a Syrian hamster chal-
lenge model, which is distinguished by a severe pheno-
type with weight reduction and specific lung disease. 
Our findings reveal that high-dose RBD IgY antibodies 
resulted in not only clinical recovery (as evidenced by the 
lack of weight reduction), but also a significant reduction 
in lung viral load and pathology.

Moreover, we produced several IgY formulations, 
including nasal spray, atomization treatment, eye drops, 
oral drench, oral paste, or bolus. These types of formula-
tion with other medicines have been approved for indi-
vidual and pet-related prevention; are easy to use anytime 
and anywhere; and could become a simple and effective 
low-cost means for epidemic prevention. Investigation of 
the SARS-CoV-2 susceptibility of animals that share close 
relationships with humans has revealed that cats are per-
missive to infection by airborne transmission [28]. These 
IgY formulations can also be used on animal pets, which 
would protect them against SARS-CoV-2 and would aid 
animal management for controlling COVID-19.

Conclusion
In this research, we demonstrated proof-of-concept and 
feasibility of rapid and mass production of neutralizing 
and in vivo protective polyclonal chicken IgY antibodies 
within 60 days of obtaining viral antigen gene sequence. 
No sophisticated facility is required and hence can be set 
up in a short period of time and the process can be eas-
ily implemented in most developing counties to allow low 
cost and commercial scale production. We believe that 
this provides an alternative and complementary option 
for rapid control of newly emerging pandemic prior to 
and after the successful development of vaccines and 
therapeutics, and hence warrants further attention and 
developmental efforts.
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