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Abstract

The use of chickens as experimental animals in laboratory for polyclonal antibody (IgY) production has increased in recent
times, as its specificities to mammalian antigen, animal welfare (non-invasively extracted from egg yolk), high antibody per
ml, very low cost and short turnover of production. The present study was aimed to produce IgY polyclonal antibody against
the three Foot-and-Mouth disease viruses’ serotypes (O, A and SAT2) in Ethiopia by immunization of laying hens with the
locally inactivated the same serotypes of Foot-and-Mouth disease viruses. At day 14, 21 and 28 post immunization, the eggs
and serum were collected and the IgY polyclonal antibodies were extracted from the chicken egg yolk by using Polyethylene
Glycol (PEG 6000g) precipitation method. The presence of the IgY polyclonal antibodies against the selected Foot-and-
Mouth disease viruses’ serotypes were detected by the Prio- CHECK® FMDV NSP-ELISA kits), in which the mean percent
of inhibition of the IgY (10 £ 8.9, 8.6 + 6.9 and 13.46 £ 9.8, respectively at day 14, 21 and 28 post-immunization) and of the
serum (0, 4.7 =3 and 6.7 £ 5.9, respectively at day 14, 21 and 28 post-immunization). In-vitro challenging were done by virus
neutralization test of the three serotypes of FMDV (O, A and SAT-2) and the neutralization titers were measured with (TCID
logl0) of IgY (1.83, 2.1, and 2.07) and of serum (0, 1.9 and 1.84), respectively at day 14, 21 and 28 post immunization. The
egg yolk IgY and serum antibody were significant difference only when compared by the FMDYV serotypes (P-Value < 0.05)
The study finding indicated that chicken egg yolk antibody (IgY) production could be the best alternative to the other mam-
malian laboratory animals as egg yolk-based antibody production reduce the stress and bleeding during the blood collection,

high antibody titer and low cost, easy to manage and handle chickens.
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Introduction

The foot-and-mouth disease virus (FMDYV) is belonging under
the family of Picornaviridae and genus of Aphthovirus also
there are seven main serotypes of FMDV (A, O, C, Asial, South
African Territories (SAT) 1, SAT2, and SAT3), which resulted
from the high mutation rate of FMDYV with its rapid proliferation
and extensive population and there is large number of subtypes
evolved within each serotype [1-3]. In FMDV-endemic regions
the major economic loss of the disease is associated with re-
duced livestock productivity, regular mass vaccination and trade
restrictions on animals and livestock products [4].

Four serotypes (A, O, SAT 1, and SAT 2) have been reported
over the past ten years in Ethiopia. Sero-type O and A are the
dominant serotypes out of for serotype reported in Ethiopia ;
while serotype C was lastly reported in 1983 [5, 6]. In Ethio-
pia, factors such as susceptibility of animals, wild and domestic
animals indirect contact on the grazing pastures and watering
points and uncontrollable animal movement within the country
and transboundary contribute to the frequent occurrence of FMD
outbreaks and making its controls and prevention difficult [7].

The properties of antibodies to recognize small specific struc-
tures on the antigen to which it induced by immune cell of the
animals makes it an important tool in laboratory for various di-
agnosis and vaccination applications [3, 8, 9]. To produce the
antibodies (polyclonal or monoclonal), the use of chickens as
a laboratory animal has been increased in recent times because
it has a major advantage including: antibody can be harvested
from the egg yolk instead of serum reducing the stress and repeat
bleeding of the animals, the antibody productivity of an egg-lay-
ing hen is much greater than that of a similar sized mammal ,
specificities to mammalian antigen, animal welfare since the Ab
are non-invasively extracted from egg yolk, high ab per ml and
very cost-effective [10-12].

Using chicken as a host for generation of polyclonal antibod-
ies (IgY) has valuable diagnostic and vaccine production ad-
vantages over existing mammalian systems, however, it is an
underused resource in Ethiopia as the most of the previous an-
tibody production in Ethiopia uses laboratory animals such: as
mice, rabbit, guinea pigs and other mammalian. Therefore; the
current study was designed to produce antibodies of selected
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FMDYV serotypes (A, O and SAT-2) in the way that ensure ani-
mal welfare only by immunizing layer hens and provide a spe-
cific IgY used for diagnosis and vaccination of selected FMDV
serotypes from egg yolk.

Materials and Methods

Study Design

An experimental study design was conducted on polyclonal anti-
body production (IgY) trials by using Egg-Yolk of a layers’ hens
immunized with three FMDV serotypes (O, A and SAT-2) from
January, 2020 up to August, 2020 G.C in Ethiopia. The three
field isolates of the FMD viruses (01940/NAHDIC/O, 01940/
NAHDIC/A and 01940/NAHDIC/SAT-2) were provided by
Sebeta National Animal Health Diagnosis and investigation cen-
ter (NAHDIC) in Ethiopia. The selected serotypes were propa-
gated and adapted on BHK-21. Then, titration of each serotype
was determined according to the Spearmen- Karber formula.
Purposively, eight 24 weeks age’ layer hens were assigned to
each serotype and immunized by 50:50 FMD virus (serotype A,
O and SAT 2) to oil adjuvants with boosting at day 14 post-im-
munization. The immunized chickens were managed, handled
and followed for clinical change in wire mesh cage separately.
After two weeks of boosting the hens, the serums and eggs were
collected at day 14, 21 and 28 post-immunizations. The bloods
were collected in Sml syringes and allowing to clot by leaving
it undisturbed at room temperature for 30 minutes and remove
the remained clot by centrifuging at 1,000x g for 10 minutes in
a refrigerated centrifuge. Immediately, the serum transferred to
the 1.5 ml cry vial tube and the collected eggs were coded by the
code of chicken laid it and stored -20 "C until used. The IgY was
extracted and purified with Polyethylene glycol (PEG-600mg)
precipitation method from the egg yolk. The serum and extract-
ed egg-yolk IgY were pooled into four samples for each sero-

type. The antibody detection was conducted by Prio-CHECK®
FMDY non-structural protein kit (© prionics AG, version 1.0 e,
product No.: 7810770) and invitro challenging of samples show-
ing inhibition Percent’s (%) were conducted by Viral neutraliza-
tion tests (VNT).

Preparation and Adaptation of Fmdv in Bhk-21 Cell Culture
Foot and mouth disease virus serotypes (A, O and SAT-2) with
high CPE were selected for this study from sebeta National an-
imal diagnosis and investigation center of Ethiopia. And trans-
ferred to 34" passage of BHK-21 (AU/PANVAC) monolayer
cells with 90 percent cell confluence in three 25¢cm?2 polystyrene
TPP® tissue culture flasks (Sigma-Aldrich, Europe) for adapta-
tion and harvesting to enough amounts for the study.

Fmdyv Purification and Determination of Its Infectivity

The cell culture supernatant was harvested by repeated freezing
for 20 minutes and thawing for 3 times and the cell suspension
was clarified by centrifugation at 5,000 rpm for 15 min at 4°C
[13, 14]. Then, according to, Fawzy, et al., the titer of the three
FMDYV serotypes were determined and expressed in log, TCID,
[15]. Virus titers in the samples were determined by inocula-
tion of cell culture highly susceptible to FMDV (BHK-21) (AU/
PANVAC) in 96 well flat bottom cell culture plates. The titers
were expressed as 50% tissue culture infectious doses (TCID50)
per 100 pL calculated with the Spearman-Kéarber-formula [16].

Immunization of Chickens

After 50% tissue culture infectious doses (TCID50) were cal-
culated, the selected FMDV serotype was emulsified with equal
volume of oil adjuvant. The hens were immunized two times (at
initial day and at day 14 post immunization) [17].

Table 1: Determination of Cytopathic Forming Unit Particle of Selected Fmdv Serotypes (A, O and Sat-2).

IDNO FMDYV Serotype | Total Dilution Preparation Injection Per Chicken
TCIDS0/ml CFU/ml TCIDS0/ml CFU/ml

01940/NAHDIC (0] 5.1x10* TCID50/ | 3.57x10*CPU/ml | 2.55x10° TCID50/ | 1.9 x10°PFU/ml
ml ml

8450/NAHDIC A 3.7x10* TCID50/ | 2.59x10*CPU/ml 1.85%10°TCID50/ | 1.3x10°PFU/ml
ml ml

31056/NAHDIC SAT-2 2.5%10° TCID50/ 1.75%10°CPU/ml 1.25%10* TCID50/ | 8.75 x10°PFU/ml
ml ml

IgY Extraction and Purification from Hen’s Egg-Yolk

The method for IgY purification was adapted from Pauly. ef al.,
[12]. The Extraction of chicken IgY antibodies from immunized
chicken egg yolk was carried out by using Polyethylene Glycol
(PEG 6000) precipitation method. Briefly, once the eggs were
cleaned with 75% alcohol, the egg shell was cracked carefully
and the yolk was transferred to a "yolk spoon" in order to re-
move as much egg white as possible. The egg yolk was trans-
ferred to and rolled on a filter paper to remove the remaining
egg white. The egg yolk skin membrane was cut with lancet and
by using the tea spoon the yolks was poured into a 50 ml tube
to measure its volume. Twice the egg yolk volume of PBS (P"
= 7.4) was added to the yolk tube and mixed by vertexing. Then
3.5% of PEG 600g of the total volume was added to the yolk

tube, vortexed and rolled for 10 min by a rolling mixer before
the tubes were centrifuged at 10,000 rpm for 20 min at 40C. The
supernatant was then poured through a folded filter paper and
transferred to another tube before 8.5% PEG-6000g was added
in relative to the new volume and then vortexed and centrifuged
at 10,000 rpm for 20 min at 40C. The supernatant was discarded
and the pellet was dissolved in 1 ml PBS using a glass stick,
mixed by vortexing before 9 ml of PBS was added to the tube
to reach a final volume of 10 ml. The solutions were then mixed
with 12% PEG 6000 and the tube centrifuged at 10,000 rpm for
20 min at 40C. The supernatants were discarded and the pellet
was dissolved in 800 ul PBS using a glass stick vortexed and the
extracts was transferred to 2ml Eppendorf tubes and stored at
-200C until used.
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Detection of FMDV-Specific Antibody

Antibodies against the capsid proteins are produced in both in-
fected and vaccinated animals [18]. Detection and evaluation
of antibody titer against FMDV in hen sera/Egg yolk and se-
rum samples were carried out by the Prio- CHECK® FMDV
NSP-ELISA kit (© prionics AG, version 1.0 e, product No.:
7810770). In order to enhance the antibody concentration serum
and egg yolk, the sample of serum and egg yolk collected from
8 hens for each three FMDV serotypes were pooled in to four
for test. Briefly, according to Prio-CHECK ® FMDV NS kit (©
prionics AG, version 1.0_e, product No.: 7810770), first 80 ul of
ELISA buffer was dispensed to all wells and 20 pl of negative
control to (Al and Bl wells), 20 pl of weak positive control
(C1 and D1 wells), 20ul of positive control (E1 and F1 wells)
and to the remaining wells, 20ul of Serum and egg yolk IgY
were dispensed and incubated for 18 hrs. At room temperature
(22 £3 °C). then, after six times washing with 200ul washing
buffer, 100ul of diluted conjugate were dispensed to all wells
and incubated for 1hr at 22 43 °C, again after washing with 200
ul washing buffer, 100 pL of chromogen (TMB) substrate was
dispensed to all wells and incubated for 20 minutes at 22 +3 °C,
finally the optical density was measured at 450nm after adding
stop solution and incubating for 20 minutes at 22 +3 °C. After
the calculation of the mean OD-value of wells Al and B1 (neg-
ative control = OD450 max), the percentage of inhibition (PI)
of the control and test antibody (egg yolk IgY and serum) was
calculated.

Virus Neutralization Test

Virus neutralization test is to detect a specific reaction between
antigen and antibody or neutralization of antigen to inhibit the
viral infectivity. The 19 samples with titers >1% of inhibition in
the Prio-CHECK® FMDV NS kit for antibodies against O, A
and SAT- 2 were subjected to VNT test according to the protocol
adapted from the procedure described in the OIE terrestrial man-
ual [19]. Two-fold serially dilution of sera and IgY, starting from
original dilution up to 10-10 in modified Eagle’s medium, from
each dilution, 50ul serum and IgY samples were added in each
well (duplicated). Next, 50ul containing 100 TCID,, FMDV
(previously titrated) were added to each well and incubated at
37°C in CO2 incubator for 1hr to allow neutralization. Then,50ul

of 10° cells/ml BHK-21 cells suspension was added to each well
and incubated at 37°C of 5% CO, incubator for 48 hrs.” and ex-
amined for the presence of CPE twice daily. After its incubation
of 48 hrs. The presence of CPE was examined and neutralization
titers in log,, were calculated according to Spearman-Kaerber
based on FMDYV induced cytopathogenic effect (CPE).

Data Analysis and Management

Data obtained from laboratory tests; virus titration, virus neu-
tralization, and ELISA tests were entered into Microsoft Excel
before being analyzed. Descriptive statistics was carried out us-
ing Microsoft Excel spreadsheet to summarize the results. The
log 10 of VNT were Calculated by Spearman-kérber method
on Microsoft excel [16]. Analysis of variance (ANOVA) and
unpaired t. test were performed to assess the significant differ-
ence between IgY and serum induced by the three serotypes of
FMDV between antiviral (IgY and serum) and between three
post infection days by using R-Studio package.

Results

Determination of Antibody Response in Chickens

To characterize the polyclonal antibody-binding sites, their
reactivity against the homologous FMDV (serotype: A, O and
SAT-2) were examined using Prio-CHECK® FMDV NS-kit.
Among the sixty pooled samples collected from the chicken im-
munized with the locally inactivated FMDV; only 19 samples
(32%) were shown the antibody against the selected serotype
of FMDV (Figure 1). however, it was below the recommended
Prio-CHECK® FMDV NS-kit standardized percentage of in-
hibition; that indicating their binding sites were conformation-
al. At day 14 of post immunization, the egg yolk IgY antibody
mean inhibition percentage (PI) was (10 £ 8.9), while, the serum
antibody inhibition percentage was not detectable and there was
statistical significancy between egg yolk IgY and serum (P-Val-
ue < 0.04) as described by paired t-test. The mean inhibition
percentage of serotype A were highest as compared with O and
SAT-2 serotypes (16.1, 10.24 and 3.15, respectively) with signif-
icant difference between the group immunized by three different
serotypes (P-value = 0.03).
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Figure 1: The Egg Yolk IgY and Serum Antibody Mean Inhibition Percentage at Different Days Post Immunization (n = 19): Com-
paration of IgY and Serum by Day Post Immunization (a) and Comparation of IgY and Serum by Serotypes of FMD Virus (b).

Virus Neutralization

During day 14 post immunization the mean of egg Yolk IgY and
serum titer against the FMDV (serotype; O, A and SAT-2) was
(1.83 £ 0.2 and 0, respectively) with statistical relationship of
(P-Value = 0.03). the neutralizing titer of the IgY and the serum
was evaluated in the association between the post immunization
day, between the serotype and between antibodies (Serum and
IgY) by using analysis of variance (ANOVA) and paired t-test

analysis. The mean antibody titer induced by serotype A was the
highest, while the SAT-2 was induced low (A = 2.25, O =2.07
and SAT-2 = 1.59, for FMDV serotype

A, O and SAT-2 respectively) It’s statically expressed in signif-
icant of P-value. Statistically only the relationship between the
serotypes had the significant impacts on the neutralizing anti-
body titer against the three serotypes of FMDV (P-Value = 0.03).
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Figure 2: In Vitro Challenging of Produced Antibody with the Original Viruses (n = 19): Comparation of IgY and Serum by Day
Post Immunization (a) and Comparation of IgY and Serum by Serotypes of FMD Virus (b).
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Discussion

The FMDV antibody plays an important role in current specific
diagnosis and vaccination of FMDV. These antibodies can be
produced during primary infection or vaccination by the host
animals and play a significant role in neutralizing the FMDV
infection during post exposure [20]. The objective of the current
study was to produce Foot-and-mouth disease (Serotype: O, A
and SAT-2) polyclonal antibodies (IgY) by using layer hens in
Ethiopia. However, the experimental chickens were immunized
with the live virus, it did not show the sign usually observed in
suspectable animals (fever, vesicle, loss in egg production and
death of immunized chickens).

The antibodies detection for both the serum and egg yolk an-
tibodies were carried out by Prio-CHECK FMDV NS ELISA
kit. The Prio-CHECK® FMDYV NS kit detection results were
below the standard Of the cut-off values (< 50%) of percentage
of inhibition described on Prio-CHECK kits (PI > 50 were inter-
preted as positive). At day 14, 21 and 28 post-immunizations of
the chickens; the mean percentage of inhibition of Egg yolk IgY
were ((10 £ 8.9, 8.6 £ 6.9 and 13.46 £+ 9.8, respectively) with
only a significant difference significancy between egg yolk IgY
and serum (P-Value < 0.04) at day 14 of post-immunization and
statistically difference three FMDV serotypes (P < 0.05). The
obtained EISA results were agreed with the results of Ferris et
al., and Bruderer et al. [21, 22]. According to, Ahmed Kamal et
al, positive sera may not always give positive reaction with Prio-
CHECK ELISA [23]. The heterogeneity in the 3ABC response
is likely to reflect differences in the degree of the viral replica-
tion and immunological predisposition to elicit anti-3ABC anti-
bodies [22]. The time post immunization and FMDYV serotypes
had the effects on the antibody response by the chickens against
the FMDV [24]. Aspects of the host cell including mutations, re-
duced expression of viral receptors, obstacles to viral uptake af-
ter receptor and changes in immune response including: cellular
immunity, humoral immunity and cytokine response [25]. The
majority of peptide molecules used for immunization are likely
to present conformations that cannot be adopted by the cognate
region in the virus, and it is thus not surprising that many of the
antibodies that are induced will be unable to recognize the viral
epitopes [21].

Despite to the Prio-CHECK® FMDV NS kit, when measured
by standard neutralization test (100 TCID50 virus—serum di-
lutions), as the day post immunization of chickens the FMDV
immunized chicken had relatively neutralizing antibody titers
ranging from 1.83 to 2.164 log10, that agreed the interpretation
criteria of Pirbright laboratory manual (log10 titration > 0.3) and
the result of Rodriguez et al., and Eschbaumer et al., on animals
vaccinated with the commercial oil-based FMD viruses vaccine
in which they had proven that protection did not depend on the
reactivity in the peptide ELISA, rather the protection was asso-
ciated with the presence of neutralizing antibody titers in vacci-
nated animals [26, 27].

Also, the mean antibody titer in log10 of the antibody response
of the chicken against the FMDV were compared in the study
and the response of the chicken to the serotype O were high as
compared its mean antibody titer against serotype (A, O and
SAT-2), with significant difference between the three serotype

(P-Value = 0.03) and agreed with the result of Daoud et al,
(2013). As the mean antibody titer of egg yolk and serum show,
the mean antibody titers of the IgY were exceed that of the se-
rum antibody, however, its difference were not statistically sig-
nificant (P-Value >0.05). The obtained results agreed with the
result of Ibrahim et al., [9].

In general, in the current study there were poor correlation be-
tween the ELISA antibody detection results and virus neutraliza-
tion results of both egg yolk antibody and serum antibody. This
difference in the two tests indicate that the epitopes of original
antigen used for immunization of chicken were mutated during
its adaptation to the chicken cells. This mutation can cause
change the conformation of epitopes structure which impaired
the antigen-antibody interaction during the ELISA tests, howev-
er for antibody titers requires only the memory of the originally
exposed antigen and different strains of FMDV vary consider-
ably in pathogenicity, invasiveness, virulence spreading power
and prevalence of occult, or in apparent infection [28]. The dif-
ference between the VNT and Prio-CHECK® FMDV NS Kit
perceived antigenic evolution of the virus in which the original
virus for immunization of chicken may mutated in order to adapt
to chicken cells, however, VNT assays implies the heterologous
(cross-protection). According to Yang, poor correlation between
ELISA and VNT might be of individual variation after FMDV
inoculation, in which the ELISA detect only specific epitope of
original antigen with its confirmation, however, the neutralizing
antibody need only memory of original antigen. This Finding
implied that the blocking ELISA results didn’t indicate the anti-
body production which can be detected in post—exposure to the
antigen by virus neutralization test. A possible explanation for
the poor binding can be mutations that changed the conforma-
tional structure of the monoclonal antibody binding sites and af-
fecting the’ binding ability of antibody [29].

Conclusion and Recommendations

In the current study, chickens were experimental infected with
three serotypes of FMD viruses (O, A and SAT-2) for production
of FMDYV polyclonal antibody. After infection on day 14, 21 and
28 the sample of egg and serum were collected. Both the se-
rum and the egg yolk precipitate were detected and evaluated for
their antibody’s titer by Prio-CHECK FMDYV NS kit and virus
neutralization tests respectively. In 35% of collected samples the
antibody against the FMDV were detected with low percentage
of inhibition (<50%), but the virus neutralization test results of
those sample with low antibodies titer showed value comparable
to the OIE standard of antibody titers against FMDV. The mean
percentage of inhibition and antibody titer against FMDYV in egg
yolk (IgY) exceed the amount of antibody titer in the serum.
This antibody can be used for any immunological tests applied
for FMD diagnosis. Moreover, the study finding indicated that
chicken egg yolk antibody (IgY) production could be the best
alternative to the other mammalian laboratory animals as egg
yolk-based antibody production reduce the stress and bleeding
during the blood collection, high antibody titer and low cost,
easy to manage and handle chickens [30, 31].

Based on the finding of this study, the following recommenda-
tions are forwarded:
> The research institute and diagnostic laboratory should
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use the chicken as laboratory animal models for antibody pro-
duction.

> Before immunization of chicken with virus to which
it is not susceptible, in vitro adaptation of virus to the chicken
origin cell should be done.

> Repeated immunization and monitoring for longtime
duration should be done.

> Further research should be done in order to produce a
highly purified antibody used for immunological test for FMDV.
> Sequencing analysis of antigen- antibody determinant
epitopes should be done in order to validate the discrepancy be-
tween antibody ELISA and VNT test result.

> For protein (antibody) quantification, SDS-PAGE and
western blotting technique should be applied.
> This study should continue in such a way that the an-

tibody produced can be used in house serotyping EISA test as a
replacement of commercially available EISA kits.
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