Health, 2018, 10, 1294-1308
http://www.scirp.org/journal/health
ISSN Online: 1949-5005

ISSN Print: 1949-4998

Q‘:‘ Scientific
¢S Research

9,90, arc
0.00 Publishing

Protection against Infectious Bronchitis Virus,
a Corona Virus Infection, Using Ostrich
Antibodies

Yasuhiro Tsukamoto*, Yuna Nakano, Kazuhide Adachi

Department of Animal Hygiene, Graduate School of Environmental & Biological Sciences, Kyoto Prefecture University,

Kyoto, Japan
Email: *ytsuka@kpu.ac.jp

How to cite this paper: Tsukamoto, Y.,
Nakano, Y. and Adachi, K. (2018) Protec-
tion against Infectious Bronchitis Virus, a
Corona Virus Infection, Using Ostrich
Antibodies. Health, 10, 1294-1308.
https://doi.org/10.4236/health.2018.101010
0

Received: September 15, 2018
Accepted: October 9, 2018
Published: October 12, 2018

Copyright © 2018 by authors and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

In chickens, infectious bronchitis (IB) is a major respiratory disease. The res-
piratory system is the primary multiplication site of IB virus (IBV), a corona-
virus, after which the virus is distributed to other organs. Poultry farms sus-
tain considerable economic damage due to IB outbreaks in flocks, since IB
causes a severe reduction in weight gain in chicks. In the present study, we
produced the ostrich IgY against IBV by immunizing female ostriches with
the IB viral antigens. The resultant purified IgY showed a strong neutralizing
activity against IBV infection of cultured primary chick kidney cells. The in-
fectivity of IBV was markedly inhibited in the trachea of chicks when ostrich
IgY was injected intra-muscularly into newly hatched chicks prior to viral
inhalation challenge at two weeks of age. Furthermore, the infection was
strongly blocked in the tracheae when IgY was injected into chicks at one day
and one week of age, with viral inhalation performed at three weeks of age.
These findings suggest that the injection of ostrich IgY can help protect
young chicks from IBV infections. In south Asian and African countries,
broiler chicks are sent to poultry market around 30 days of age, so it is im-
portant to prevent IB outbreaks in very young flocks. We strongly believe that
ostrich IgY will be a powerful weapon against IB infection in poultry farms
on a wide scale and also hope that these findings will aid in the develop-
ment of antibody vaccines for new type corona viruses, SARS-CoV and
MERS-CoV.
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1. Introduction

Chicken is a major source of protein and one of the most common and wide-
spread domestic animals. Broiler chickens are a gallinaceous domesticated fowl,
bred and raised specifically for meat production. Most commercial broilers reach
slaughter-weight between three to five weeks of age in Asian and African coun-
tries. Because the meat broilers are quite young at slaughter, their behavior and
physiology are that of an immature bird. Young chickens are susceptible to sev-
eral infectious diseases, including avian encephalitis, pullorum, Mareck’s disease,
laryngotracheitis, and infectious bronchitis (IB).

IB is one of the most important respiratory diseases in chickens. The respira-
tory system is the primary infection site of IB virus (IBV), after which the virus
distributes to other organs [1] [2] [3]. The virus is acquired following inhalation
or direct contact with contaminated poultry, litter, equipment, or other fomites.
Vertical transmission of IBV within the embryo has never been reported, but the
virus may be present on the shell surface of hatching eggs via shedding from the
oviducts or alimentary tract. Death in chickens due to IB occurs mainly due to
renal failure in the nephrotropic strain [2]-[7], although respiratory lesions are
repaired almost completely within two to three weeks if the chickens survive [5]
[8] [9] [10]. Reductions in egg production and quality are noted in layer and
breeder chickens. The virus may replicate in the oviduct and cause permanent
damage in immature females or pullets, resulting in limited egg production later
in life. Infection of hens during laying may reduce egg production by 10% or
more, depending on the immune status of the flock. Furthermore, egg shells are
commonly malformed and more susceptible to breakage due to thinning of the
shell.

While chickens of all ages are susceptible, the disease is most severe in baby
chicks, causing mortality. As the chickens age, they become more resistant to the
nephropathogenic effects, oviduct lesion, and mortality due to infection [4] [8] [11].

Perhaps most importantly, however: a reduction in weight gain and feed effi-
ciency are observed in meat-type broiler chickens. In our preliminary studies,
broiler chicks showed a marked reduction in their body weight gain when they
were infected with IBV in the early growing days.

IBV spreads rapidly among chickens in a flock. The disease is highly conta-
gious and has a very short incubation period. Susceptible birds placed with in-
fected chickens usually develop typical symptoms within 24 - 48 h. The virus has
been isolated consistently from the trachea, lung, kidney, and bursa of chickens
at 24 h and though the seventh day after aerosol exposure [12]. An IBV living
vaccine strain may persist in various internal organs for 163 days or longer [13].
During this period, the virus may be periodically shed in nasal excretions and
feces. Reports of extended and intermittent shedding are evidence of the poten-
tial risk of flock-to-flock transmission via contamination of personnel or equip-
ment. Challenge of vaccinated birds with homologous virus results in much lower

titers of recovery challenge virus and for a shorter period than in unvaccinated
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birds [14] [15] [16] [17]. When the challenged virus is of a heterogenous type,
the challenged virus may replicate in high titers and cause clinical disease [18].
However, young chicks fail to obtain immunity to prevent IBV infection because
of the time lag between the acquisition of immunity and viral outbreaks in
flocks. Accordingly, young chicks are susceptible to IB infection and sustain
growth damage. The most effective method of reducing the impact of a pan-
demic is suggested to be prophylaxis with a safe and effective vaccine. However,
a number of commercial IB vaccines have been reported to be ineffective for
preventing IB infection in young broiler chicks when heterophilic IBV strains
appear in a flock.

Antibodies are being used increasingly frequently for research, diagnoses, and
therapeutic purposes. However, antibodies from experimental mammals, in-
cluding mice and rabbits, are not adapted for industrial usage because of their
high production cost. Avian eggs have recently proven attractive as a source for
the noninvasive production of antibodies with applications in research, diagnos-
es, and immunotherapy [19] [20]. In addition, the production of avian antibo-
dies offers many advantages over that of mammalian antibodies with regard to
antigen specificity, production cost, and usage [21]. The predominant class of
immunoglobulin in birds is immunoglobulin yolk (IgY), which is transferred
from the blood to the yolk to confer passive immunity to the embryo [22]. Al-
though the IgY and IgG of mammals are functionally equivalent, they differ with
respect to certain physicochemical properties [23].

We recently developed a convenient method for mass-producing antibodies
using the female ostrich (Struthio camelus). The ostrich grows up to 250 cm in
height and 160 kg in weight, and their life span is about 60 years. Ostrich eggs
weight about 1.5 kg and are 30-fold bigger than chicken eggs. They can lay 100
eggs every year. We can purify about 4 g of IgY per ostrich egg, meaning about
400 g of IgY can be obtained from a single ostrich in the course of a year. Recent
developments in breeding have permitted low-cost egg production from ostriches,
as they can be fed factory waste from bean sprout production. Accordingly, we
strongly believe that ostrich eggs might provide an excellent source of antibody for
industrial purposes, including health care for flocks of domestic fowl [24] [25].

In the present study, we attempted to produce antibodies against IBV from
ostrich eggs. The whole bodies of the IBV containing various proteins were con-
sidered suitable antigens to immunize the ostrich for the following reasons: IBV
entry is mediated by the receptor-binding domain of spick protein, and the
adaptation of avian viruses to humans is associated with spick protein specificity;
the M protein is important for fusing the IBV envelope to the host cell mem-
brane; and the E protein encourages viral shedding from most cells. Thus, the
blockage of various antigens of IBV by IgY may lead to the inactivation of the
viral infection of host cells. We found that a high amount of neutralizing anti-
body against IBV was generated by an ostrich via our simple and economical
method; this approach may lead to the development of anti-viral therapy against

IB outbreaks in broilers.
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2. Materials and Methods
2.1. The Generation of Antibodies against IBV Antigens

An inactivated M41 strain of IBV, a Massachusetts type strain was used as an-
tigens for the immunization of the ostrich. The laying ostriches were immu-
nized intra-muscularly in the lumbar region at multiple sites with IBV antigens
(50 pg/bird). Boosters were given every other week with the same antigen. The
eggs were collected daily from the initial immunization day. The yolk was sepa-
rated from the albumin using an egg yolk separator, and the volume of the yolk
was recorded and stored at —20°C. Serum samples were also collected every week
and stored at —20°C. The subsequent antibody purification was performed ac-
cording to our previous study (Adachi et al, 2008). Finally, the purified antibody
solutions were verified by 10% SDS-PAGE under non-reducing or reducing

conditions and stained with Coomassie Brilliant Blue.

2.2. An Enzyme-Linked Immunosorbant Assay (ELISA)
Using Ostrich IgY

Each well of a polystyrene ELISA plate (Sumitomo Bakelite, Japan) was coated
with 0.2 pg IBV antigen in phosphate-buffered saline (PBS), and the plate was
incubated overnight at 4°C. Each of the following incubation steps were pre-
ceded by washing the wells twice with PBS containing 0.05% Tween 20. The
wells were blocked for nonspecific binding by the addition of a commercial
blocking buffer (DS Pharma Biomedical, Suita, Japan) and incubated at 37°C for
2 h. The serial dilutions of purified IgY were added vertically to the wells, and
the plates were incubated at 37°C for 1 h. HRP-conjugated rabbit IgG against
ostrich IgY diluted (1:5000) in PBS was dispensed into each well. The plate was
incubated for 1 h at 37°C. A substrate buffer containing TMB (Sumitomo Bake-
lite, Japan) was then added to each well, and the plates were incubated at 37°C
for 15 min. The reaction was terminated by the addition of a stopping reagent
(1.25 M sulfuric acid). The absorbance was recorded at 450 nm using an ELISA
plate reader (DS Pharma Biomedical).

2.3. Primary Culture of Chicken Kidney (CK) Cells

Chicks were sacrificed with pentobarbital sodium solution, and the bilateral
kidneys were removed and dissolved in trypsin-EDTA solution (Nacalai Tesque,
Kyoto, Japan). After centrifugation, the cells were re-suspended in DMEM (Na-
calai Tesque) containing 10% fetal bovine serum and seeded into each well of
96-well microculture plates at 37°C. At semiconfluent stages, the cells were used

for viral infection or antibody titration tests.

2.4. Viral Infectivity (TCIDso) Assays

A nephrotrophic strain of IBV (Al strain) was used in this study throughout
(Tsukamoto et al, 1997). The viral solutions were titered using CK cells in

96-well microtiter plates by serial 10-fold dilutions of the samples as a routine
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procedure to observe the cytopathic effects (CPEs).

2.5. Immunocytochemistry

The primary CK cells seeded into the wells of the microtiter plate were infected
with IBV (100TCIDs,) for 2 - 3 days at 37°C. The cultures showing CPEs were
fixed with 10% buffered formalin. After being washed in PBS, the cells were in-
cubated with FITC-conjugated ostrich IgY (1:4000) against IBV for 1 h at 37°C
following a sufficient number of washes in PBS. Finally, the specific signal was

observed under fluorescence microscopy.

2.6. Neutralization Assays for IBV Infection

For the standard neutralization assay of cell cultures, the serial dilutions of os-
trich IgY were mixed at a ratio of 1:1 with IBV (100TCID,,), incubated for 1 h at
37°C, and transferred to a microtiter plate with a CK monolayer. After 2 - 3
days’ incubation at 37°C, the cultures were inspected for CPEs. The neutralizing
titer, expressed as the reciprocal of the IgY dilution at which virus growth was
inhibited by 50% (IC,,), was calculated based on the number of virus-negative

wells and the IgY dilution, according to a previous report [26].

2.7.1BV Challenge to Chicks and Ostrich IgY Administration
e Challenge 1

The chicks were intratracheally or intravenously inoculated with IBV at a
dose of 10°>® TCIDs,. They were injected intra-muscularly with preimmune IgY
(2 mg/bird) or IgY against IBV (3 x 10 IC;,/bird) on the day before viral inocu-
lation. The birds were sacrificed with pentobarbital sodium solution, and the
tracheae and kidneys were removed from the chicks at four to eight days after
viral challenge. The specimens were fixed in 10% neutral buffered formalin and
used for histopathological and viral detection assays.

e Challenge 2

One-week-old chicks were housed in an infection box (32 x 22 x 20 cm)
placed in the BSL-2 safety cabinet and inhalated with micro mists of viral solu-
tion from a medical nebulizer (OMRON, Kyoto, Japan). To confirm the chick
model of IB, we put the chicks in a box and sprayed the virus with a nebulizer.
By optimizing the viral volume and spray time, we were able to establish an in-
fection model close to natural infection. The presence or absence of infection
was judged by the onset of bronchitis by histopathological search or the prolife-
ration of virus on tracheal epithelium by immunofluorescent antibody method.
As a result, a total of 10** TCIDs, IBV were nebulized for 30 min. At four days
post-inhalation with IBV, the tracheae were sampled from the chicks and used
for histopathological analyses.

e Challenge 3

Newly hatched chicks were injected intra-muscularly with ostrich IgY (3 x

10 IC,y/bird) or preimmune IgY (2 mg/bird). They were then exposed to IBV

DOI: 10.4236/health.2018.1010100

1298 Health


https://doi.org/10.4236/health.2018.1010100

Y. Tsukamoto et al.

(10*° TCID,) via inhalation in an infection box for the next week. The tracheae
were sampled at four days post-viral challenge and used for histopathology and
viral-immunohistochemistry.
o Challenge 4

Newly hatched chicks were injected intra-muscularly with ostrich IgY (3 x
10 IC,y/bird) or preimmune IgY (2 mg/bird). At two weeks post-injection, they
were exposed to IBV (10*° TCID,,) via inhalation in an infection box. The tra-
cheae were then sampled at four days post-viral challenge and used for histopa-
thology and viral-immunohistochemistry.
e Challenge 5

The chicks were injected intra-muscularly with ostrich IgY (3 x 10 IC,,) or
preimmune IgY (2 mg) when newly hatched and at 1 week of age. They were
exposed to IBV (10** TCID,,) via inhalation in an infection box at three weeks of
age (2 weeks after the final IgY injection). The tracheae were sampled at four days
post-viral challenge and used for histopathology and viral-immunohistochemistry.

In the above examinations, at least five birds were used in each infection
group. The experiments were approved by the animal care committee of Kyoto

Prefecture University.

2.8. Histopathology

The tracheal and renal specimens for histopathology were fixed with neutral
buffered formalin, embedded in paraffin, sectioned at 3 um, and stained with

hematoxylin and eosin (H&E).

2.9. The Detection of Viral Antigens by Immunohistochemistry

The IBV antigens in tracheae or kidneys were detected by a direct immunofluo-
rescent method. Frozen sections fixed with neutral buffered formalin and equi-
valated in 20% sucrose in PBS were incubated with fluorescein isothiocyanate
(FITC)-conjugated ostrich anti-IBV antibody in a moist chamber at 37°C for 1
h. After being washed with PBS, the sections were mounted in glycerol and ex-

amined for their specific fluorescence under a fluorescent microscope.

3. Results
3.1. Ostrich Antibodies against IBV Antigen

The IgY from the ostrich immunized with IBV antigens was purified from the
yolk and visualized by SDS-PAGE. The molecular weight of ostrich IgY is
around 200 kDa (heavy chain, 64 kDa; light chain, 28 kDa) and is heavier than
that of rabbit IgG (data not shown). The IgY against IBV antigens was titered by
an ELISA from the primary immunization day. ELISA titer was recorded as
highest dilutions showing over twice absorbance of preimmune IgY. The titers
increased dramatically in the yolk from two weeks after the primary immuniza-
tion and peaked at one month. At the hyper-immune stage showing ELISA titer
over 12,640, about 4 g of IgY could be purified from a single egg, resulting in up

DOI: 10.4236/health.2018.1010100

1299 Health


https://doi.org/10.4236/health.2018.1010100

Y. Tsukamoto et al.

to 400 g of IgY against the IB virus being obtainable from a single female ostrich
each year. The IgY from the eggs immunized with antigens showed high reactiv-

ity to IBV antigens.

3.2. Neutralization Activity of Ostrich IgY to IBV Infection
in Culture Cells

IBV solution was adsorbed onto CK cells and incubated for another 2 - 3 days at
37°C. The CK cells showed typical CPEs after IBV infection that were markedly
inhibited by ostrich IgY against IBV. On immunofluorescent staining with the
ostrich IgY, IBV antigens were detected in many CK cells (Figure 1). Serial dilu-
tions of viral solution were added to the culture media. At three days
post-inoculation, the wells with CPEs were counted, and the TCID,, values were
scored. The stock viral solution showed an infection titer (10*° TCID,,/25 pL)
and was used in further studies. The IBV solution at 100TCID,, was then mixed
with various volumes of pre- or anti-IBV IgY and used to inoculate the culture
cells. At 3 days post-inoculation, the wells with CPEs were counted, and the 50%
neutralization titer of IgY was scored. The resultant 50% neutralization titer of
IgY (IC;,) was 64 pug/mL.

Anti-IBV IgY

Phase-_con_tras‘tviewr;f? b

Figure 1. Infectivity of IBV to primary chick kidney cells and the neutralization activity of os-
trich IgY against IBV infection. The chick kidney (CK) was dissolved with trypsin-EDTA solu-
tion and seeded onto the culture dish after sorting with a mesh. At semiconfluent stages, IBV
solution was adsorbed onto the cultured CK cells and incubated for another 2 - 3 days at 37°C.
The CK cells showed typical cytopathic effects (CPEs) after IBV infection (A) that were clearly
inhibited with the ostrich IgY against IBV (B). On immunofluorescent staining with the ostrich
IgY, IBV antigens were detected as green signals in many CK cells showing CPEs ((C), (D)).
Bars, 200 pm.
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3.3. Effects of Ostrich IgY on IBV Infection in Chicks

e Challenge 1

Newly hatched chicks were intra-tracheally inoculated with IBV, and young
chicks at three weeks of age were injected intravenously with IBV. The animals
were injected intra-muscularly with preimmune IgY or IgY against IBV prior to
viral inoculation. The tracheae and kidneys were removed from the chicks
post-viral challenge and examined histopathologically and immunohistochemi-
cally (Figure 2).

In the tracheae from the IBV-inoculated chicks, the epithelial cells had dege-
nerated to a cuboidal or flattened shape, and the basal cells had begun to proli-
ferate. Heterophilic and lymphocytic infiltration as well as congestion and ede-
ma were observed in the submucosa. Large edematous spaces with inflammatory
exudate were recognized between the degenerated epithelia and basal cells. In
some areas, hyperplastic changes of epithelial cells were prominent. The surface
of the lamina propria was covered by up to five to six layers of newly formed ep-
ithelial cells with no cilia; mitosis was apparent in some of these epithelial cells.
In the tracheae from the infected chicks administered ostrich IgY, the mucosal
surface was lined by ciliated columnar cells and goblet cells, resembling the
normal tracheal tissue.

IBV-specific antigen was found in high levels in the cytoplasm of the tra-
cheal epithelia of IB-infected chicks. In contrast, no positive reaction was
found in the tracheal mucosa of the infected chicks injected with ostrich IgY
prior to viral challenge. The IBV titer of tracheal swab from infected birds was
almost 10> TCID4y/mL.

Furthermore, in the kidneys, interstitial nephritis was prominent in the renal
medulla, with heterophilic and lymphocytic infiltration seen around the renal
tubuli. IBV antigens were detected in the epithelial cells of the renal tubuli. In con-
trast, no pathological legions were found in the renal tissues of IgY-infected chicks

prior to IB inoculation. Viral antigens were not found in whole areas of tissues.

Trachea Kidney
preimmune Anti-IBV IgY preimmune Anti-IBV IgY

Histopathology
(H&E)

IBV antigen
(H&E)

Figure 2. Effects of ostrich IgY on IBV infection in chicks via intratracheal and intravenous route.
The tracheae and kidneys from infected chicks were examined histopathologically and immuno-

histochemically. Bars, 200 pm.
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e Challenge 2

The chicks were housed in a plastic box and subjected to inhalation of IBV
solution using a medical nebulizer. At four days post-infection, the tracheae
were examined histopathologically. Severe heterophilic and lymphocytic infiltra-
tion was found in the submucosa, and the epithelia were either degenerating or
regenerating. This indicated that IBV infection model had succeeded in the tra-
cheae via the inhalation route.
e Challenge 3

Newly hatched chicks were injected intra-muscularly with ostrich IgY or
preimmune IgY one week prior to inhalation infection with IBV. Tracheal spe-
cimens were analyzed histopathologically and immunohistochemically (Figure
3). In the tracheae from IB-inoculated chicks at four days post-infection, epi-
thelial cells showed typical inflammatory lesions of IBV infection, including the
observation of heterophilic and lymphocytic infiltration, congestion, and edema
in the submucosa. In the tracheae from infected chicks administered ostrich IgY,
the mucosal surface was lined by ciliated columnar cells and goblet cells, resem-
bling the normal tracheal tissue. IBV-specific antigen was found in high levels in
the cytoplasm of the tracheal epithelia of IB-infected chicks. In contrast, only
slight positive reaction was found in small number of epithelial cells in tracheal
mucosa of the infected chicks injected with ostrich IgY prior to viral challenge.
e Challenge 4

Newly hatched chicks were injected intra-muscularly with ostrich IgY or
preimmune IgY. At two weeks post-injection, they were infected with IBV via
inhalation. In the tracheae infected with IBV, typical histopathological findings
were found, regardless of treatment with ostrich IgY against IBV antigens. Ac-
cordingly, no inhibitory effect against the infectivity of IBV to chicks was noted

with this inoculation pattern.

A Histopathology (H&E) IBV antigen (FITC) B Histopathology (H&E) IBV antigen (FITC)

preimmune

Anti-IBV IgY

Figure 3. Effects of ostrich IgY on IBV infection in chicks via inhalation route. (A) Newly hatched chicks were injected in-
tra-muscularly with ostrich IgY or preimmune IgY one week prior to inhalation infection with IBV. The tracheae were sampled at
four days post-viral challenge. (B) The chicks were injected intra-muscularly with ostrich IgY or preimmune IgY when newly
hatched and at 1 week of age. They were exposed to IBV via inhalation at three weeks of age. The tracheae were sampled at four
days post-viral challenge. The tracheae from infected chicks were examined histopathologically and immunohistochemically. Bar,
200 pm.

DOI: 10.4236/health.2018.1010100 1302 Health


https://doi.org/10.4236/health.2018.1010100

Y. Tsukamoto et al.

e Challenge 5

Chicks were inoculated twice with ostrich IgY: at newly-hatching and one
week of age. They were then infected with IBV via inhalation two week later.
Tracheal specimens were analyzed histopathologically and immunohistochemi-
cally (Figure 3). In the tracheae, epithelial cells showed typical inflammatory le-
sions of IBV infection, including the observation of heterophilic and lymphocyt-
ic infiltration, congestion, and edema in the submucosa. In the tracheae from
infected chicks injected twice with IgY, the mucosal surface was lined by ciliated
columnar cells and goblet cells, resembling the normal tracheal tissue.
IBV-specific antigen was found in high levels in the cytoplasm of the tracheal
epithelia of IB-infected chicks. In contrast, no positive reaction was found in the

tracheal mucosa of the infected chicks injected with ostrich IgY only.

4. Discussion

Although it is established that the S1 subunit of the S protein of IBV induces VN
and HI antibodies and protective immunity [27] [28] [29] [30], the mechanism
underlying the protection against clinical disease remains unclear. Local respi-
ratory tissue immunity is important for ensuring protection against IB. Howev-
er, the role of local antibodies, including IgA, in preventing such infections is
unclear. Some studies have reported that neutralizing antibodies in nasal secre-
tions play a role in preventing IB and that the Harderian gland contributes to
local immunity [31] [32]. The protective role of antibodies is also evident from
the fact that chickens immunocompromised by IBDV infection suffer more se-
vere episodes of IBV infection than their immunocompetent counterparts [33]
[34]. Interestingly, IBV antibody was detected in the tears of vaccinated chickens
[35]. However, the antibody levels in tears were not accurate indicators of IBV
immunity, as determined by respiratory challenge with IBV. Antibodies there-
fore do not appear to be the only source of resistance, as demonstrated in chick-
ens treated with cyclophosphamide or bursectomized in ovo and then exposed
to IBV [36] [37].

Maternal-derived antibodies can reduce both the severity of the vaccinal
reaction and the efficacy of the vaccine if the vaccine is of the same type used
in the breeder flock immunization [38] [39]. Nevertheless, vaccination of al-
ready-maternally immune one-day-old commercial chicks is still routinely per-
formed. In one study, maternal-derived antibody provided protection against
challenge at one day and one week but not at two weeks of age [40], whereas in
another study, maternal-derived antibody did not reduce the titer of re-isolation
of virus infected at two days of age [41]. It has been shown that chicks hatched
with high levels of maternal-derived antibody had excellent protection against
challenge at one day of age but not at seven days of age. This protection signifi-
cantly correlates with the levels of local respiratory antibody and not with the
serum antibody levels. A high percentage of both maternal-derived antibo-

dy-positive and antibody-negative chickens failed to produce IBV antibody
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when vaccinated at one day of age by the intraocular route. In addition, mater-
nal-derived antibody-positive chickens showed a weaker virus-neutralizing an-
tibody response to a second IBV vaccination than antibody-negative birds. Ma-
ternal-derived antibody positive chicks experienced a more rapid decline in ma-
ternal-derived antibody after vaccination at one day of age than their unvacci-
nated counterparts.

In the present study, large-scale and economical antibodies against IBV were
generated using a female ostrich. Neutralizing antibody has been reported to
provide effective primary protection against pathogens [25] [42]. In addition, the
prophylactic and therapeutic efficacy of human monoclonal antibodies against
avian flu infection was also elucidated [43].

One particularly interesting and potentially important finding in the present
study was the observation that the chicks were protected against IBV infection
by intra-muscular injection with IBV-immunized IgY. This finding supports the
application of ostrich IgY as a prophylactic treatment against IB outbreak. In the
present study, a large amount of neutralization antibodies against IBV were pro-
duced cost-effectively, underscoring the potential utility of ostrich-derived antibo-
dies for industrial purposes, including the development of anti-viral materials.

We established an inhalation model of infecting chicks with IBV, as IB occurs
naturally in flocks via inhalation from other infected birds on a poultry farm.
The chicks developed severe tracheitis after in-box inhalation of nebulized IBV.
The infectivity of IBV was clearly inhibited in the tracheae of chicks when os-
trich IgY was injected intra-muscularly prior to viral inhalation challenge at one
week of age. Furthermore, the infection was completely blocked in tracheae
when IgY was injected at one day and two weeks of age with viral inhalation
performed at three weeks of age. Histopathologically, epithelial degeneration
and inflammation were clearly ameliorated in the tracheae of chicks adminis-
tered ostrich IgY prior to viral challenge. Viral replication was also inhibited in
these chicks. These findings suggest that the injection of ostrich IgY can help
protect young chicks from IBV infections. In south Asian and African countries,
broiler chicks are sent to poultry market around 30 days of age, so it is important
to prevent IB outbreaks in very young flocks. We are planning to inoculate the
chicks at the poultry farms with ostrich antibodies and to examine the suppres-
sion effect of ostrich antibodies on natural infection of IBV. We strongly believe
that ostrich IgY will be a powerful weapon against IB infection in poultry farms

on a wide scale.
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