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ABSTRACT
Oral delivery of specific IgY has been reported to be beneficial against rotavirus infection. However, the production of
IgYs against globally prevalent human rotavirus (HRV) serotypes and their evaluation detailing the influence on the
virological/histopathological consequences have not been reported to date. In the present study, anti-HRVIgY was generated in the eggs of specific pathogen free hens immunized with HRV serotypes G1 - G4 and G9 independently. Purified anti-HRVIgY preparations were tested to determine the ELISA and neutralizing antibody titers respectively in an
indirect ELISA and cell culture based neutralization assay. Efficacy of pre and post infection treatment of antiHRV-3IgY was assessed in an infant BALB/c mouse model of human rotavirus infection by monitoring percent diarrhea, severity and duration of diarrhea, intestinal viral load and histopathology. High (1:64,000 - 1:512,000) titered antiHRVIgYs were obtained from the egg yolk of immunized hens with peak titer value (1:256,000/1:512,000) at 40 - 60
day of immunization. In-vitro, each of the anti-HRVIgY preparations showed the presence of multiserotypic neutralizing activity with high (1:1600 - ≥1:6400) homologous and low (≤1:50 - 1:800) heterologous titers. However, anti-HRV3IgY neutralized all of the serotypes tested in the study indicating broader in-vitro neutralizing activity. In mice, post
exposure treatment with anti-HRV-3IgY significantly reduced the extent of diarrhea and intestinal virus load and inhibited histopathological changes whereas pre exposure anti-HRV-3IgY treatment imparted immediate protection from
development of rotavirus gastroenteritis. Thus, the anti-HRVIgY administered orally decreased morbidity and disease
incidences in mice suggesting its potential implication in prophylactic and therapeutic usage in human to achieve reduction in rotavirus disease burden.
Keywords: IgY; Rotavirus; Mouse Model; Oral Immunotherapy

1. Introduction
Rotaviruses are the leading cause of acute infectious diarrhea in infants and young children, worldwide. These
viruses account for half a million deaths annually in
children <5 years of age, with majority (82%) of the
deaths occurring in developing countries [1]. In both developed and developing countries alike, rotavirus infections lead to an annual economic loss of several million
US$ in direct and indirect medical care [2-4]. Subsequent
to the intussusception related withdrawal of the first rotavirus vaccine, different strategies, including both active
and passive immunization/immunotherapy have been
continuously attempted to develop a safe and effective
intervention against rotavirus infection [5-7]. Two new
generation rotavirus vaccines, RotaTeq and Rotarix have
been introduced in the global market. In developed countries, the efficacy of these vaccines has been reported to
Copyright © 2012 SciRes.

be significant against rotavirus gastroenteritis of any severity (74% - 79%), severe rotavirus gastroenteritis (90%
- 98%) and hospitalization due to rotavirus (96%) [8]. As
against this, in impoverished children from Asian and
African countries, a low level (39.3% - 48.3%) of efficacy of rotavirus vaccine probably attributable to high
concentration of transplacentally acquired maternal antibodies, interfering gut flora, diarrheal diseases caused by
enteric infections other than rotavirus, micronutrient malnutrion and associated immunodeficiency and concomitant administration of oral poliovirus vaccine is described
recently [9,10]. While inclusion of rotavirus vaccine in
national childhood immunization program is under consideration in these settings [11], exploration of the alternate and adjunct strategies such as oral immunotherapy
and antivirals carries valued significance for management of rotavirus infection.
Neutralizing antibodies (NAbs) generated against two
WJV
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outer capsid proteins, VP7 and VP4 of rotavirus have
been described as correlates of protection from rotavirus
disease [12-15]. These antibodies prevent infection locally by inhibiting rotavirus attachment to susceptible
cells in the intestinal lumen [16,17]. As a corollary to this,
oral delivery of rotavirus specific neutralizing milk, serum antibodies and monoclonal antibodies have been
demonstrated to impart local passive protection against
rotavirus infection [18]. However, the practical application of these antibodies as oral immunotherapy may be
limited because of difficulties in large-scale production.
In recent years, a considerable attention has been drawn
towards chicken eggs as a good source of conveniently
packaged antibodies useful for immunotherapeutics and
diagnostics. Chicken produces a unique immunoglobulin
molecule called IgY that is functionally homologous
to mammalian IgG [19]. IgY, the serum antibodies of
chicken are passed from hens to embryo via the egg yolk.
Laying hens immunized against different antigens, transport high concentration of specific IgY to the egg yolk.
Nonreactivity of IgY with mammalian Fc receptors, an
evolutionarily distinctive biochemical property makes
IgY antibodies appropriate for per oral immunotherapy
[20].
The beneficial effect of purified IgY antibodies specifically generated against rotaviruses has previously
been described [21-23]. However, such studies have
rarely included the production and evaluation of IgYs
against globally prevalent rotavirus serotypes, G1 - G4
and G9, essentially required for practicability of the approach. Further, the effect of orally supplied rotavirus
specific IgY antibodies on the intestinal viral load and
cellular pathological changes has not been examined.
The objective of the present study was to produce IgY
antibodies against common rotavirus types and evaluate
their neutralizing activity against homotypic and heterotypic rotavirus infections in-vitro and also to test the
homotypic protective efficacy of IgY antibodies in a
murine model of human rotavirus (HRV) infection of G3
origin.

2. Materials and Methods
2.1. Viruses and Cells
The human (HRV-1, KU/G1P [8]; HRV-2, S2/G2P [4];
HRV-3, YO/G3P [8]; HRV-4, ST-3/G4P [6] and HRV-9,
F-45/G9P [8]) and simian (SA-11/G3P [2]) rotavirus
serotypes were procured from Sapporo Medical College,
Sapporo, Japan. The fetal monkey kidney derived cell
line, MA104 used in the study was obtained from National Center for Cell Science, Pune, India. The viruses
were activated with trypsin (Sigma, USA) (4 µg/ml) at
37˚C for half an hour (h) and adsorbed on the monolayCopyright © 2012 SciRes.

ers of MA104 cells with 80% cell density at 37˚C for 90
min. The cells were refed with serum free Minimum Essential Medium Eagle (MEM, Himedia, India) containing
1 µg/ml trypsin and incubated at 37˚C until the occurrence of 4+ (100% detachment of cells) cytopathic effect.
ELISA End Point (EEP) titers of the stocks were determined by an antigen capture ELISA [24] and infectivity
assay comprised of cell culture and ELISA [25]. A single
virus stock produced for each of the rotavirus serotypes
was utilized for the entire study.

2.2. Purification of Viruses
All of the rotavirus serotypes propagated in MA104 cell
line were purified by rate zonal ultracentrifugation (Sorvall Ultracentrifuge OTD-COMBI, USA) using 20% 60% continuous sucrose gradient as described earlier [26]
with minor modifications in the protocol. Antigen capture ELISA was performed on the fractions collected
from a gradient column. The fractions were pooled according to the OD450 values and centrifuged at 30,000 rpm for
2 h to pellet the virus and remove the sucrose. The pelleted virus was reconstituted in 0.01 M phosphate buffered saline (PBS), pH 7.4 and viral protein was determined [27].

2.3. Immunization of Birds and Collection of
Eggs
Eighteen week old seronegative single comb White
Leghorn pullets (SPF Division, Venky’s India Ltd)
reared in specific pathogen free (SPF) facility at Poultry
Diagnostic and Research Center, Venky’s India Ltd.
Pune were utilized for antibody production. Five groups
of birds with seven birds per group were immunized
separately with HRV serotypes 1 - 4 and 9. A group of
fifteen unimmunized age matched birds served as control
group. Hundred microgram of viral protein suspended in
0.5 ml of 0.01 M PBS, pH 7.4 was mixed with equal
volume of Freund’s complete adjuvant (Sigma, USA)
and inoculated per bird in breast muscles and ventral
aspects of wings via intramuscular (i/m) and subcutaneous (s/c) routes respectively. The birds received the
first booster after two week interval followed by two
booster doses at weekly interval with Freund’s incomplete adjuvant (Sigma, USA). The last booster (50 µg
viral protein) was administered intravenously (i/v) without adjuvant. Bleeding was performed after every dose of
immunization and serum samples were tested for the
presence of anti-rotavirus antibodies by ELISA. Both
control and experimental birds started egg laying at the
age of 21 week, the period following 3rd dose of immunization. Eggs were collected on daily basis up to 6 to 8
weeks after the inoculation of last booster dose and

WJV

Evaluation of Hyperimmune Hen Egg Yolk Derived Anti-Human Rotavirus Antibodies (Anti-HRVIgY)
against Rotavirus Infection

stored at +4˚C until used.

2.4. Purification of IgY from Immune Eggs
Eggs laid by the immunized hens were pooled (30 - 35
eggs per pool) on weekly basis. The yolks were separated
from egg white and washed with chilled 0.01 M PBS, pH
7.4 to remove traces of albumin and dried completely on
filter paper. One hundred ml of yolk was further processed for purification of IgY using polyethylene glycol
(PEG 8000) and ammonium sulfate (Sigma, USA) as
described earlier [28]. Purified IgY was dialyzed four
times against 0.01 M PBS, pH 7.4 to remove the residues
of salt. After estimation of protein content, IgY was
stored at −20˚C until used.

2.5. Detection and Titration of Anti-HRVIgY
Antibodies in Serum and Egg Yolk
The presence of anti-HRVIgY antibodies in serum and
egg yolk of immunized hens was monitored and assayed
by modified protocol of an indirect ELISA described
earlier [29]. Briefly, purified simian rotavirus strain,
SA11 (as group reactive antigen) coated on microtiter
plates (Immunol-H, Dynatech USA) was allowed to react
with serum and yolk samples diluted serially at two folds
in 0.01 M PBS, pH 7.4 containing 2.5% skimmed milk
powder and 0.05% Tween-20. Bound anti-HRVIgYs were
probed by rabbit anti-chick IgG conjugated to horse
raddish peroxidase enzyme (Bangalore Genei, India) at
1:20,000 dilution followed by its reaction with Tetramethylbenzedine substrate (Bangalore Genei, India). The
cut off value was set as mean OD450 of serum and IgY
samples from control birds + 3 standard deviation.

2.6. Cell Culture Based In-Vitro Neutralization
Assay
In-vitro neutralization potency of anti-HRVIgYs was
tested in MA104 cell monolayers combined with a rotavirus antigen capture ELISA [30]. Briefly, 100 EEP of
each of the HRV serotypes was incubated with two fold
serially diluted corresponding IgY samples at 37˚C for
0.5 h. The mixture was allowed to adsorb on MA104 cell
monolayers grown in microplates (Nunc, USA). After 18
h of incubation at 37˚C in a humidified 5% CO2 atmosphere, the plates were frozen at −70˚C and a rotavirus
antigen detection ELISA was carried out on the culture
harvests from the wells. The percent neutralization of
virus was calculated as 100 – {[(Diln – C1)/(C2 – C1)] ×
100} wherein C1:OD of control well, C2:OD of virus
dilution used in the test, Diln:OD of IgY dilution [31].
The reciprocal of the highest dilution of an IgY preparation indicating ≥50% neutralization was considered as
Copyright © 2012 SciRes.
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titer of NAbs. Each type of anti-HRVIgY was tested for
its neutralizing activity against all five serotypes used in
the study.

2.7. Anti-HRVIgY Treatment of Mice Infected
with Rotavirus
All animal experiments were approved by Institutional
Biosafety Committee and Institutional Animal Ethical
Committee of National Institute of Virology, Pune India.
A previously characterized infant BALB/c mouse model
of human rotavirus infection [32] was used to evaluate
pre and post exposure treatment efficacy of anti-HRVIgY.
The infections were induced orally in 4/5 day old mice
using 4000 EEP of HRV-3 (strain YO), a dose that
proved to cause 100% attack rate manifesting diarrhea
and intestinal histopathological changes in the inoculated
mice [32]. Post exposure treatment was commenced at 12
hour post inoculation (hpi) via oral route with 50 µl antiHRV-3IgY per animal that continued as twice daily till
day 3 post inoculation. Three different doses1.25, 0.625,
0.3125 mg/ml of anti-HRV-3IgY were tested respectively in n = 21, 21 and 20 mice. Two groups of mice, 1)
inoculated with HRV-3 but not treated with IgY (n = 23)
and 2) HRV-3 uninoculated and IgY untreated (n = 16)
were included as controls. The animals were examined
daily for the signs of diarrhea during the experimental
period of 120 hpi and the outcome was measured as
prevalence of diarrhea (defined as the percentage of pups
with diarrhea on a daily basis), severity (defined as the
sum of diarrhea scores of each pup during the course of
experiment) and duration of diarrhea (defined as time in
days with diarrhea) [6,33]. At the end of the course of
treatment (96 hpi), six pups from each group including
those from the control groups were necropsied and the
tissue samples from lower intestine were processed for
quantification of viral load and pathological analysis.
For pre exposure treatment, 19 and 20 animals/group
were fed respectively with 50 µl of 250 and 125 µg/ml of
anti-HRV-3IgY per mouse 2 h prior to oral challenge
with 2000 EEP of HRV-3. Two groups of animals, one
infected with HRV-3 but not treated with anti-HRV-3IgY
(n = 18) and the other without inoculation or treatment (n
= 10) served as controls. The occurrence of diarrhea in
the animals was recorded during the experimental period.
Real time PCR and histopathological analyses were carried out on the intestinal tissues collected from experimental and control groups at 72 hpi.

2.8. Real Time PCR
The mouse stool and intestinal tissue samples were exWJV

76

Evaluation of Hyperimmune Hen Egg Yolk Derived Anti-Human Rotavirus Antibodies (Anti-HRVIgY)
against Rotavirus Infection

tracted with TRIzol®LS and TRIzol® respectively (Invitrogen Life Technologies, USA) as per the manufacturer’s protocol for isolation of rotavirus RNA. Complementary DNA (cDNA) was prepared from 10 µl RNA by
reverse transcription using M-MuLV reverse transcriptase (Roche, USA) in the presence of VP6 gene specific primers-VP6F-5’GACGGVGCRACTACATGGT3’
and VP6R-5’GTCCAATTCATNCCTGGTG3’ (where R
= A or G; V = A, C or G; N = A, T, C or G). The resulting cDNA was used as template for real time PCR. Quantitect SYBR green PCR mastermix kit (Qiagen, USA)
was used for real time PCR quantification of rotavirus
VP6 RNA as described earlier [34]. Eight serial dilutions
of the plasmid containing 108 to 101 copies of rotavirus
VP6 gene fragment were included in each reaction to
serve as positive controls to construct the standard curve
and quantitate the rotavirus in the experimental specimens. The optimal viral load cut off values that can be
associated with infectious intestinal disease and clearance of the virus from intestine of the infected mice was
set as per criterion described earlier [35,36].

2.9. Pathology
The intestinal tissue segments were inflated with 10%
neutral buffered formalin, treated with ascending and
descending grade of alcohol and embedded in paraffin to
prepare sections of 3 - 5 µm thickness and stain with
haematoxylin and eosin by standard procedure [37]. Tissue sections from mice treated with different doses of
IgY were analyzed for histopathological changes associated with rotavirus infection.

2.10. Statistics
Comparison of IgY treated versus untreated mice for the
occurrence diarrhea in day wise manner was done by
Fisher’s exact test [38]. Severity of infection and duration of diarrhea were analyzed by Kruskal-Wallis test
[39]. Differences in the intestinal viral load as monitored
by real-time PCR were assessed using Mann-Whitney
test [40].

3. Results
3.1. Virus Stocks
ELISA and infectivity assay performed on different
stocks of rotavirus serotypes monitored EEP titer values
respectively of 1:64 and1:1280 for HRV-1; 1:128 and
1:800 for HRV-2, 1:256 and1:800 for HRV-3; 1:128 and
1:1280 for HRV-4; 1:64 and 1:1280 for HRV-9 and
1:512 and 1:2560 for SA-11. Purification of the viruses
by ultracentrifugation on a continuous sucrose gradient
(20% - 60%) yielded sedimentation of the viruses at 30%
Copyright © 2012 SciRes.

- 40% in a column, with fractions containing ELISA S/N
(Sample OD450/Mean negative control OD450) ratios between 11.34 and 12.37. Protein concentrations of the
purified virus stocks varied from 0.28 to 0.47 mg/ml.

3.2. Anti-HRVIgY Responses in Serum and Yolk
of Immunized Hens
None of the hens showed any clinical signs of distress in
response to the immunization against rotaviruses. Average egg laying rate (5 eggs/hen/week) of the hens immunized with rotavirus was not affected as compared to that
of the control hens.
The profiles of anti-HRVIgY antibodies in serum and
egg yolk of the immunized hens as monitored by indirect
ELISA are depicted in Figure 1. Anti-HRVIgY titers in
the serum increased rapidly after 2nd dose of immunization with peaked Geometric Mean Titer (GMT) value at
1:144915.8 against HRV-1; 1:131253.7 against HRV-2;
1:231865.3 against HRV-3; and 1:256000 against HRV-4
after 4th dose (at 35 days of 1st immunization) and remained at plateau after the 5th dose except in the group
immunized with HRV-9. The latter group attained a
highest GMT of 1:90509.67 after 5th dose.
Eight to nine lots of anti-HRVIgY prepared against
each of the HRV serotypes were obtained from the eggs
collected during the experimental period of 11 - 12 weeks.
Different anti-HRVIgY preparations showed 1:64,000 to
1:512,000 ELISA antibody titers with a peak value of
1:256,000/1:512,000 at 40 - 60 day after 1st dose of immunization (Figure 1). The protein concentrations of
these preparations varied from 2.8 to 3.7 mg/ml. The IgY
prepared from the eggs of unimmunized control hens
showed the presence of 2.3 mg/ml of protein, however,
absence of rotavirus specific antibodies.

3.3. Homotypic and Heterotypic Neutralizing
Activity of Anti-HRVIgYs
The highest homotypic/heterotypic neutralizing activity
of the anti-HRVIgY preparations corresponded with their
peak ELISA titers. The titers were high (1:1600 to ≥
1:6400) against homotypic strains and low/negligible
(≤1:50 to 1:800) against heterotypic strains (Table 1).
AntiHRV-3IgY preparation was found to possess broader
neutralizing activity with the ability to neutralize all of
the serotypes tested in the study. On the other hand antiHRV-4IgY showed a narrow spectrum of neutralization
with heterotypic neutralizing antibodies against HRV-3
and HRV-9 only. AntiHRV-1, 2 and 9IgY preparations
neutralized the serotypes other than HRV-4. The control
IgY preparation obtained from unimmunized hens was
tested negative for neutralizing antibodies.
WJV
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Figure 1. Anti-HRVIgY titers in serum (
) and egg yolk (
) of hens immunized against different human rotaviruses.
) indicate protein content of the IgY preparations. The arrows denote time points of immunization doses.
The bars (
Table 1. Neutralizing antibody titers in IgY preparations obtained from egg yolk of hens immunized with different HRV serotypes.
NAb titers against HRV serotypes
IgY Abs
HRV-1
HRV-1IgY

1:50 to 1:100

HRV-3
1:200 to 1:400

HRV-4

HRV-9

a

1:200 to 1:400

a

<1:50

HRV-2IgY

1:50 to 1:100

1:1600 to 1:≥6400

1:100 to 1:200

<1:50

1:50 to 1:100

HRV-3IgY

1:200 to 1:400

1:50 to 1:200

1:1600 to ≥1:6400

1:400 to 1:800

1:100 to 1:400

1:400 to 1:800

1:3200 to 1:≥6400

1:50 to 1:100

HRV-4IgY
HRV-9IgY
a

1:1600 to ≥1:6400

HRV-2

<1:50

a

1:200 to 1:400

<1:50

a

1:50 to 1:100

1:100 to 1:400

a

<1:50

1:3200 to 1:≥6400

titer < 1:50 was considered as insignificant.

Copyright © 2012 SciRes.
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3.4. Effect of Post Infection Administration of
Anti-HRVIgY on the Course of Rotavirus
Infection in Mice
1) Diarrhea
Oral inoculation of 1:4000 EEP of YO strain of HRV3 in 4/5 day old BALB/c mice typically induced diarrhea
at 24 hpi with a disease peak at day 2 to 3. Administration of anti-HRV-3IgY in these mice produced a clear
dose dependent positive effect on reduction of percentage
of diarrhea and severity and duration of disease (Figure
2(A), Table 2). Feeding of the animals twice daily with
50 µl of 1.25 mg/ml of anti-HRV-3IgY resulted in the
decrease of diarrhea by 58% on day 2 and 81% on day 3
as compared to the percent diarrhea noted in infected but
untreated mice (p < 0.001 for day 2 and p < 0.0001 for
day 3). The beneficial effect was also pronounced in pups
receiving 50 µl of 0.625 mg/ml of anti-HRV-3IgY with
53% and 62% reduction in diarrhea on day 2 and 3 respectively as against the untreated group (p < 0.001 for
both). The lower dose, 0.3125 mg/ml imparted low but
significant (p < 0.05) protection by reducing diarrhea by
26% on day 2 and 35% on day 3 as compared to untreated control group. IgY antibody treatment also shortened the diarrhea duration by 0.78 to 1.36 days and alleviated severity by 23.19% to 48.45% as compared to that
noted in the untreated group of mice (Table 2).
2) Rotaviral RNA load in the intestine and stool
At the end of the course of anti-HRV-3IgY treatment,
the group of mice treated with 1.25 mg/ml cleared
(GMCt ≥ 30, 31.88) the virus from intestine while in the
groups treated with 0.625 and 0.3125 mg/ml, reduction in
the intestinal virus (respectively GMCt 27.87 and 25.62)
(p < 0.01/p < 0.05) was well below the level (GMCt 24)
that could produce infectious intestinal disease (Figure
2(B)). On the other hand, the viral load in the intestines
of infected but untreated mice was higher (GMCt 20.2)
than all of the IgY treated groups.
Treatment with anti-HRV-3IgY also resulted in diminished shedding of rotaviral RNA in the diarrheic
stool by 8.8% - 21.4% on day 2 (GMCt of 23.2, 21.2 and

20.0 respectively in 1.25 mg/ml, 0.3125 mg/ml and 0.625
mg/ml IgY treated animals) and 14.6% - 28.0% on day 3
(GMCt of 25.9, 24.1 and 21.9 respectively in 1.25 mg/ml,
0.625 mg/ml and 0.3125 mg/ml IgY treated groups) as
compared to infected but untreated control group (GMCt
of 18.2 and 18.7 on day 2 and 3 respectively) (p < 0.05).
3) Histopathology of intestine
Formalin fixed intestinal tissue sections from mice
treated with different doses of anti-HRV-3IgY were analyzed for the major histopathological changes described
to be associated with human rotavirus infection [32,41].
The intestinal sections of HRV-3 infected mice untreated
with IgY presented typical histopathology with vacuolization in enterocytes at the distal one third of villi and
blunting of villi at 96 hpi. The tips of the infected villi
were unstainable due to epithelial cell death. On the other
hand, the intestinal sections from the groups of mice
treated with different doses of IgY showed reduced vacuolization and cell death at villus tips at 96 hpi (Figure
2(C)). Treatment with 1.25 mg/ml of IgY prevented
marked visible lesions while the lower doses allowed
minimal to mild vacuolization in the villi epithelium of
intestine. The uninfected negative control mice showed a
normal histology.

3.5. Effect of Preinfection Feeding of
Anti-HRVIgY in Mice
Preinfection anti-HRV-3IgY treatment of the mouse pups
provided 95% - 100% protection from diarrhea in a dose
dependent manner. Almost all animals were free from the
signs of diarrhea on day 2 and day 3, the time points that
mark peak clinical disease (Figure 3(A)). Only 1/20 animals from the group treated with 125 µg/ml of antiHRV-3IgY developed mild diarrhea on day 1 which subsided on day 2 of HRV inoculation. The rotaviral RNA in
the intestines was undetectable at 72 hpi as per the set
criterion (GMCt ≥ 30 for RNA < 10 copies) in both, 250
µg/ml (GMCt 31.81) and 125 µg/ml (GMCt 30.52) IgY
treated groups (Figure 3(B)). Histologically, the lower
intestines appeared normal and comparable to that of

Table 2. Duration and severity of diarrhea in different groups of mice treated with anti-HRV-3IgY.
Group

No. of mice with diarrhea (%)
No of mice inoculated with HRV-3

Duration of diarrhea in days
Mean ± SE

Severity score
Mean ± SE

Untreated
With antiHRV-3IgY

23/23 (100%)

2.78 ± 0.67

3.88 ± 0.74

Treated
with antiHRV-3IgY
1.25 mg/ml

7/21 (33%)

1.42 ± 0.53**

2.00 ± 0.47**

0.625 mg/ml

11/21 (52%)

1.75 ± 0.67*

2.62 ± 0.46*

0.3125 mg/ml

17/20 (85%)

2.00 ± 0.84*

2.98 ± 0. 57*

*p < 0.05, **p < 0.01 vs untreated group (Kruskal-wallis test).

Copyright © 2012 SciRes.
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(B)

(I)

(II-a)

(II-c)

(II-b)

(C)

Figure 2. Effect of post HRV-3 infection treatment with anti-HRV-3IgY. (A) Percent diarrhea in IgY treated mice. AntiHRV-3IgY caused significant reduction in diarrhea prevalence in treated groups as compared with the untreated group on
day 2 (1.25 and 0.625 mg/ml groups, p < 0.001; 0.3125 mg/ml group, p < 0.05) and 3 (1.25 mg/ml group, p < 0.0001; 0.625
mg/ml group, p < 0.001 and 0.3125 mg/ml group, p < 0.05) (Fischer’s exact test); (B) Rotavirus VP6 RNA load in small intestine of mice as determined by real time PCR. Each bar represents mean Ct value for six animals; dashed (------) and dotted
(……) lines indicate the viral load cut off Ct values for induction of infectious intestinal disease and clearance of virus from
intestine respectively; (C) Photomicrograph of H & E stained tissue sections of lower intestine from (I) uninfected control
mouse; (II) mouse treated with 1.25 mg/ml anti-HRV-3IgY (resolved histopathology to normal) (II-a), 0.625 mg/ml and
0.3125 mg/ml anti-HRV-3IgY (reduced vacuolization and moderately resolved histopathology) (II-b, II-c); (III) infected
mouse but untreated with IgY (massive vacuolar degeneration at the distal part of the villi). Original magnification 20×.
Copyright © 2012 SciRes.
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(A)

(B)
(C-II)

(C-I)

(C)
(D-II)

(D-I)

(D)

Figure 3. Effect of pre HRV-3 infection treatment with anti-HRV-3IgY. (A) Percent diarrhea in mice following IgY treatment;
(B) Rotavirus RNA load in the intestines of mice at 72 hpi (each bar represents mean Ct value for six animals); (C) Intestinal
histology in 250 µg/ml (C-I) and 125 µg/ml (C-II) IgY treated mice (displaying absence of pathological lesions) (H&E, 20×);
(D) Tissue sections of intestine from uninfected control mouse (D-I) and infected but IgY untreated mouse (D-II) presenting
with rotavirus infection associated lesions (H&E, 20×).

uninfected healthy control mice (Figures 3(C) and (D-I)).
HRV inoculation developed diarrhea in 39% (7/18) and
50% (9/18) of IgY untreated animals at day 2 and 3 respectively (Figure 3(A)), with an overall diarrhea prevalence of 55%, mean severity score 2.7 and duration 2.2
Copyright © 2012 SciRes.

days over the experimental period of 120 hpi. The intestinal tissue sections collected at 72 hpi showed the accumulation of rotavirus RNA (GMCt 19.9) and presence
of histological lesions specific to rotavirus infection
(Figures 3(B) and (D-II)).
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4. Discussion
Development of an effective oral immunotherapy necessitates generation of larger quantities of high titered,
good quality pathogen specific antibodies and their extensive evaluation. Since, a single hen can produce up to
30 gm of purified IgY per year with 2% - 10% specific
antibodies, egg yolk have potential of providing larger
and more economical supply of specific antibody than
any other sources [42]. The present study describes the
preparation of human rotavirus specific egg yolk derived
immunoglobulin, anti-HRVIgY and its evaluation for
oral immunotherapy in a mouse model of human rotavirus infection.
Production of specific IgY is known to be achieved by
immunizing laying hens with target antigen. However,
five major factors such as the antigen (dose and molecular weight), type of adjuvant used, route and frequency of
immunization and interval between immunizing doses
influence the generation of specific immune response in
hens [43]. Rotaviruses are known to be good immunogen
while Freund’s adjuvants remain the most effective ones
among more than 100 known adjuvants [44,45]. The
amount of rotavirus antigen mixed in Freund’s adjuvants
and route and schedule of immunization employed in the
present study efficiently induced a high titered and long
lasting anti-rotavirus IgY antibody response in eggs of
immunized hens without any marked effect on rate of
egg lay and size of egg known to govern efficient production and yield of egg antibodies [46]. The specific
antibodies appeared in blood (serum) of pullets as early
as two weeks after the primary dose of immunization
with rotavirus, steadily increased following booster doses
and remained static. The pullets started laying after the
3rd dose of immunization. At this time point, the high
titers of anti-rotavirus antibody present in the serum
(Figure 1) facilitated the transfer and accumulation of
high amount of anti-rotavirus antibody in the egg yolk.
The titers persisted at elevated levels in the IgY prepared
against all five types of human rotavirus throughout the
experimental period (11 - 12 weeks). This finding is in
accordance with previous observations that described
high specific immune responses in the egg yolk from
hens immunized with bovine rotavirus serotype 6 and 10,
HRV serotype 3 (strain MO) and other enteric pathogens
[22,47-49].
Neutralization of virus infectivity by antibodies is an
important arm of immunity to fight against viral infection.
Usually level of protection correlates with the in vitro
neutralization titers [50]. It has been reported that the
variable epitopes, immunodominant in nature and the
conserved epitopes, immunorecessive in nature on the
VP7 and VP4 capsid proteins across the serotypes of
Copyright © 2012 SciRes.
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rotavirus respectively elicit homotypic and heterotypic
neutralizing antibodies [51-53]. Each of the anti-HRVIgY preparations obtained in the present study was able
to neutralize two or more serotypes of rotavirus apart
from the serotype involved in its own production. The
multiserotypic neutralization response probably developed slowly and was independent of doses used for immunization as described earlier [54].
The mouse model of human rotavirus YO infection
used in the study has been reported to have a course of
infection of 5 days with highest rate of virus replication
within 24 hpi [32]. Hence, the post exposure treatment of
the infected animals with homologous (anti-HRV-3IgY)
polyclonal antibodies in the present study was initiated at
12 hpi. Further the protection achieved by passive oral
immunotherapy against enteric infections is known to
reflect solely the effect of externally delivered immunoglobulins. The immunoglobulin with high content of
neutralizing activity is expected at the mucosal site to
control the infection process [23]. In the present study,
the dose of IgY for in vivo testing was decided predominantly on the basis of neutralizing antibody titer determined in the in vitro assay followed by its protein concentration. The 12 hourly regimen of post infection
treatment with anti-HRV-3IgY antibodies successfully
blunted the disease by reducing viral load, normalizing
pathological features and mitigating diarrhea in the
mouse model used in the present study. The higher doses
produced a stronger effect corroborating the dose dependent response of oral immunoglobulin treatment observed earlier against various enteric diseases in different
animal models [23,36].
Since most of the naturally occurring rotavirus infections are caused by low doses of virus [55], the mice
treated with IgY prior to infection were challenged with a
low dose of HRV-3 that was found to cause diarrhea in
55% of the animals. The animals did not develop diarrhea and were devoid of rotaviral RNA and pathological
lesions in the intestines at 72 hpi (Figure 3) as reported
earlier [21].
It is to be noted that though in-vitro neutralization of
five major HRV serotypes in cell culture as well as invivo protection against HRV-3 induced gastroenteritis in
mice could be monitored efficiently by anti-HRV-3IgY
treatment, the in-vivo protective efficacy of the same
preparation (anti-HRV-3IgY) against HRV serotypes 1, 2,
4 and 9 could not be assessed in the present study due to
the absence of a mouse model of gastroenteritis for these
serotypes. The HRV serotypes other than 3 have been
reported to replicate inefficiently to produce diarrhea in
mice [56]. Nevertheless, establishment of in-vivo neutralizing potency of anti-HRV-3IgY against multiple HRV
serotypes would greatly simplify the comercial produc-
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tion of rotavirus specific IgY.

5. Conclusion
In conclusion, immunization of SPF hens with different
serotypes of HRVs yielded high titered anti-HRVIgYs
that displayed multiserotypic neutralizing activity invitro. The post rotavirus exposure administration of antiHRV-3IgY in mice of the present study did demonstrate
the negative effect on virus replication in the gut and
intestinal pathology, thereby influencing the main outcome of disease i.e. severity and duration of diarrhea in
the animals. On the other hand pre exposure administration of anti-HRV-3IgY presented an ideal situation, wherein
IgY imparted immediate effect implying better protection
from the disease. Thus, the findings ascertain that orally
supplied anti-HRVIgY decreases morbidity and disease
incidences in mice infected with human rotavirus. Such
preparations need to be explored as oral immunotherapy
in human to reduce the rotavirus disease burden. However, implementation of this approach would require development of a formulation containing anti-HRVIgYs
and its clinical trial in different settings of the rotavirus
endemic region.
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