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Abstract

Introduction: The aim was to evaluate the ability of egg yolk antibody (IgY) in blocking Staphylococcus aureus growth in vitro.
Materials and Methods: Specific IgY was produced by immunizing hens with formalin-killed S. aureus (ATCC 33593).
Specific IgY against S. aureus was obtained from the yolks of their eggs with a carrageenan solution. IgY was identified by
SDS-PAGE and Western blot and its activity against S. aureus was tested by ELISA. A growth inhibition assay and protein
concentration determination were also conducted.

Results: ELISA indicated that the IgY was specific to the antigen; this activity was confirmed by Western blotting. The
growth of S. aureus was inhibited by the specific IgY at concentrations of 1-5 pg/ml The bacteriostatic function of IgY
appeared to result possibly from the interaction of IgY with surface components of S. aureus. In vitro experiments showed
that the immunoglobulin from egg yolk interfered with the culture growth of the S. aureus.

Conclusion: These findings indicate that eggs from hens immunized with appropriate antigens are a potentially useful source

of passive immunity.
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INTRODUCTION

Staphylococcus aureus is a bacterium commonly found
on the skin and nose of healthy animals and humans
(Jablonski and Bohach 2001; Moreillon et al. 2005). The
major reservoirs of the organism are infected udders, teat
canals, and teat lesions, but these bacteria have also been
found on teat skin, muzzles, nostrils, and vagina
(Roberson et al. 1994). The bacteria are spread to unin-
fected quarters by teat cup liners, milkers’ hands, wash-
cloths, and flies (Chambers 2001; Marshall et al. 2000;
Pereira et al. 2002; Roberson et al. 1994; Roghmann et al.
2005). S. aureus produces toxins that destroy cell mem-
branes and can directly damage milk-producing tissue
(Balaban and Rasooly 2000; Bohach and Foster 2000).
This infection occasionally causes inflammation in
humans and animals (Bohach and Foster 2000; Jablonski

and Bohach 2001). Mastitis is one of the most costly prob-
lems in the dairy industry (Crossley and Archer 1997;
Nickerson et al. 1995). The problem is related principally
to antibiotic use (Fox et al. 2000). Staphylococci are
inherently susceptible to most antibiotics (Lindberg et al.
2004; Livemore 2000), but antibiotic residues are unde-
sirable in milk products for a number of reasons (Allison
1985; Booth and Harding 1986; McEven et al. 1992).
Such residues may be detrimental to the manufacture of
certain cultured milk products, and antibiotic use in ani-
mal production contributes to microbe resistance
(Belschner et al. 1996; Kirk et al. 2002; Oliver et al. 1992).
A wide range of alternatives to antibiotics have emerged
as a result of their ban (organic acids, probiotics, herb
extracts, and others), of which passive immunization with
antibodies is an approach with great potential due to its
high specificity (Sol et al. 1997).
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Passive immunization is basic to human and animal
health. One way is the use of antibodies (Doyle 2001).
The ability of antibodies to bind antigen with a high
degree of affinity and specificity has led to their ubiqui-
tous use in a variety of resources (Berghman et al. 2005;
Casadevall 1996). Their use in diagnostic assays and as
therapeutics has had a profound impact on improving
the health and welfare of both humans and animals
(Casadevall and Scharff 1994). However, the method has
associated problems in terms of cost and productivity.

Recently, the utilization of IgY antibodies from the
eggs of chickens which were immunized with pathogens
has been the focus of attention in immunotherapy and
diagnosis since the birds can actively transfer
immunoglobulin to the egg yolk at the same concentra-
tion levels as in mammals (Buchwald and Profski 2003;
Sunwoo et al. 2002). The use of chicken antibody on
a large scale offers several advantages, such as low costs,
large yield and scaleable production and storability. The
efficacy of IgY has been demonstrated in several appli-
cations, for example the treatment and prevention of
fatal enteric colibacillosis in neonatal piglets and calves,
viral diarrhea in infants, dental caries, canine par-
vovirus, and snake venom (Mine and Kovacs-Nolan
2002; Schade et al. 2005; Schade et al. 1997; Shin et al.
2002). Despite all the advantages offered, the IgY
obtained from the egg yolk of immunized hens need to
be better evaluated.

This article therefore provides a simple and efficient
way of producing IgY antibodies against S. aureus.
Chicken anti-S. aureus IgY was generated in six immu-
nized White Leghorn hens using aluminum hydroxide
(alum) as adjuvant. In vitro experiments showed that the
immunoglobulin from the egg yolk interfered with bac-
terial growth. These findings indicate that the eggs of
hens immunized with appropriate antigens have poten-
tial use as a source of passive immunity.

MATERIALS AND METHODS

Bacterial strains, culture conditions,
and antigen preparation

A strain of S. aureus ATCC 33593 (American Type
Culture Collection, Manassas, VA, USA) was obtained
as freeze-dried pellet cultures. S. aureus was processed
as described by Fioretto et al. with some modifications
(Fioretto et al. 2005). Briefly, the culture was rehydrat-
ed by the addition of 0.3 ml of tryptic soy broth (TSB,
Merck, Germany) and a stock culture was then prepared
on tryptic soy agar (Difco, USA), incubated at 37°C for
24 h, and stored at 4°C. To revive the microorganisms,
a single pellet of the culture was resuspended in 5 ml of
tryptic soy broth (TSB) followed by incubation at
37°C for 48 h. Further dilutions in TSB were necessary
to achieve a concentration of approximately 108-10°
colony forming units (CFU/ml S. aureus ATCC 33593).

After incubation, the cells were collected and suspend-
ed in phosphate-buffered saline (PBS, pH 7.2) and cen-
trifuged at 5000xg for 15 min. Then the cells were treat-
ed with 3.7% formalin (CH,O) overnight. Inactivated
cells were washed three times with PBS, suspended
using sterile PBS, and their concentration adjusted to
2.6x10* cells/ml. The cells were aliquoted for storage at
—70°C. The antigen suspension was prepared with 500 ul
of the S. aureus solution (2.6x10* cells/ml) added to 500
ul of alhydrogel (AI(OH);; Accurate Chemical & Scien-
tific Co., Westbury, NY, USA) as adjuvant.

Immunization of hens

Six laying White Leghorn hens 15 weeks old,
obtained from Universidade Estadual do Norte Flu-
minense Darcy Ribeiro breeders, were immunized by
injecting the antigen solution into the pectoral muscle.
Three injections of 1 ml of the antigen solution (bacte-
ria mixed with alhydrogel) were given. The first immu-
nization was made by intramuscular injection with 1 ml
of antigen suspension as described above. The second
was conducted a week after the first inoculation with the
same route and volume as the first. Booster inoculations
were given at two-week intervals without adjuvant. The
eggs and sera were collected daily and stored at 4°C for
up to three months until antibody extraction.

Isolation of antibodies from egg yolk

Eggs were collected from immunized and non-
immunized (control group) hens in one-week intervals
after the first immunization and pooled separately. Egg
yolk antibodies were extracted from the eggs as
described in previous studies (Akita and Nakai 1992;
Hatta et al. 1990) with some modifications. Briefly, IgY
was isolated from the eggs using A carrageenan solution
(Sigma Chemical, Type IV, St. Louis, MO, USA). The
egg yolk was physically separated from the egg white
and poured into a graduated cylinder by puncturing the
yolk membrane. Ten ml of egg yolk was diluted to 100
ml with 0.1% A carrageenan (Sigma Chemical). The
resulting solution was kept at room temperature for 30
min. The supernatant, i.e. crude IgY solution, was sepa-
rated by centrifugation (10,000xg for 20 min at 4°C).
The extracted IgY was filtered through 0.2-um mem-
brane filter and stored at —20°C before use.

Electrophoresis and Western blot analysis

Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) was performed to identify the
IgY. Preparations of IgY after the extraction were sus-
pended at protein concentrations of 19.5, 13, 6.5, and
1.3 pg/ml in SDS-PAGE lysis buffer (50 mM Tris-HCI,
pH 6.8, 2% SDS, 2% beta-mercaptoethanol, and 0.1%
bromophenol blue). The samples were heated at
95°C for 10 min under reducing conditions. The IgY
solution was separated by 10% SDS-PAGE and the gel
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was electrophoretically transferred to nitrocellulose
membrane filters (0.45 um pore size; Sigma-Aldrich,
USA). Western blot was blocked with blocking buffer
(5% w/v instant nonfat milk powder in PBS). The mem-
branes were washed three times with TBS (pH 7.4) for
5 min and subsequently incubated with horseradish per-
oxidase (HRP)-conjugated rabbit anti-chicken antibody
(Abcam) for 2 h. After thorough washing, the mem-
brane was placed in peroxidase chromogenic substrate
solution (0.01 M PBS, pH 7.4, with 0.05% 3,3-dia-
minobenzidine, 0.03% nickel chloride, and 0.03%
H,0,) for 15 s and then immersed in excess distilled
water to stop the color development. Finally, the
Western blot membrane was digitally recorded using
a gel documentation system (UVItec, Cambridge, UK).

Specific activity of IgY against S. aureus

The specific activity of anti-S. aureus IgY was tested
by indirect enzyme-linked immunosorbent assay
(ELISA). The S. aureus suspension (2.6x10* cell/ml) was
diluted to 1:500 in PBS/Tween (PBST). The plate was
coated with 100 pl of antigen in the appropriate dilution
to each well and then incubated overnight at 4°C. After
incubation, the plates were washed three times with
0.05% PBST. To block unspecific binding, the plate was
incubated with 0.5% gelatin in PBS (200 pl/well) and
then washed as described above. The first antibody
(IgY), diluted 1:1000 in PBST, was added (50 ul per
well), incubated for 1 h at 41°C, and washed. The second
antibody (anti-chicken enzyme conjugated), diluted
1:3000 in PBST, was added (50 pl per well), incubated
for 1 h at 41°C, washed three times with PBST, and incu-
bated with 50 ul of 2,2’-azino-ethyl-benzthizoline-6-sul-
fonate (ABTS) substrate solution (KPL, MD, USA).
After 30 min of incubation at room temperature, the
reaction was stopped by adding 0.1% SDS solution. The
optical density at 490 nm was determined for each well
with a 96-well plate reader (Molecular Devices Corpo-
ration, Sunnyvale, CA, USA). While OD,,i/ OD,guiive
>2.1, the maximum dilution multiple of the sample was
determined as the IgY titer.

Enzyme-linked immunosorbent assays were
designed to minimize some inter-well, inter-plate, and
inter-animal variations and the time variability inherent
in all ELISAs. All samples were tested in duplicate wells
to help assess inter-well variability. Positive and nega-
tive control wells were run in each plate. Wells coated
with S. aureus were incubated with a 1:100 dilution in
PBST of a mouse anti-MRSA antibody (S. aureus)
(Prospec TechnoGen ANT-198) and were designated as
positive controls. Three types of negative control were
run in each plate. The first were serum samples with IgY
anti-canine parvovirus. The second, without antigen
wells, consisted of two wells for each serum sample
(diluted 1:50) that were not coated with the S. aureus
stock solution. The third, without serum wells, con-
tained all the appropriate reagents except serum.

Growth inhibition assay

This assay was conducted to investigate whether the
anti-S. aureus IgY could inhibit S. aureus growth in lig-
uid medium as described by the method of Zhen with
some modifications (Zhen et al. 2008). The extracted
IgY (titer 6400) was dissolved in TSB at concentrations
of 1, 2.5, and 5 pg/ml. TSB with 5 pug/ml of nonspecific
IgY (IgY anti-canine parvovirus) and without IgY was
the negative or blank control and that with 100 pg/ml of
penicillin was the positive control. All preparations
were sterilized with a 0.2-um filter and incubated with
2.7x107 CFU/ml of S. aureus (ATCC 33593) at 37°C
with shaking. The suspensions were transferred to
a microtiter plate (100 ul per well) at 2-h intervals until
the ODy,, Of the blank control reached the stationary
phase. The OD value was monitored using a microtiter
reader. The growth inhibition assay was conducted for
12 h.

Protein determination

Protein concentrations in the filtered IgY extract
were determined by the Bradford method using bovine
serum albumin as the reference protein.

Statistical analysis

The results were analyzed by analysis of variance
(ANOVA). Student’s t-test was used to test the signifi-
cance of differences between the experimental and con-
trol groups. Data are presented as means *+ standard
deviation. A probability level of p<0.05 was considered
statistically significant. ELISA assay validation was per-
formed for some parameters, such as comparison of the
samples with the negative and positive controls (Petrie
and Watson 1999).

RESULTS

1gY extraction

The applied method was effective in isolating IgY
from egg yolks as documented by SDS-PAGE and
Western blotting (Fig. 1A and B). The 7y carrageenan
solution is not a method sufficient to purify the IgY
extract, but the IgY obtained was perfectly capable of
inhibiting bacterial growth. The major advantage of this
method is the simplicity of steps. The results showed
there are two main subunits in lanes 1 and 2 (Fig. 1B)
that represent the heavy and light chains of IgY.

Specific activity of anti-S. aureus IgY

The six laying White Leghorn Hens which of the
immunization protocol were observed for up to three
months. The specific activities of IgY from the chickens
immunized with S. aureus (ATCC 33593) were moni-
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Fig. 1. (A) SDS-PAGE analysis of the IgY extracts. Lane 1: mole-
cular weight marker; lane 2: 19.5 ug/ml; lane 3: 13 pug/ml; lane 4:
6.5 pg/ml; lane 5: 1.3 ug/ml IgY extract. The samples were heated
at 95°C for 10 min under reducing conditions. (B) Western blot
analysis of IgY extracts. Lane 1: 24.7 pg/ml; lane 2: 19.5 ug/ml.

tored initially by indirect ELISA. The chickens showed
a relatively strong immune response against S. aureus.
All the animals were seropositive during analysis. Egg
yolk anti-S. aureus antibodies were produced after the
first inoculation of chickens (Fig. 2). IgY titers reached
the highest levels 6 weeks after the first injection (Fig. 2).
The results showed that an OD value of 1.96 was
attained after an exponential rise. The antibody levels of
the immunized animals were significantly higher than
those of the controls (p<0.05). This indicates that the
production of specific IgY can be efficiently elicited in
chickens using simple protocols of immunization and
extraction.

Growth inhibition of S. aureus
The activity of anti-S. aureus IgY was shown by the

absence of growth when the specific antibodies were
added to the S. aureus culture (Fig. 3). The growth inhi-
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Fig. 2. The kinetics of chicken egg yolk antibody (IgY) production
against S. aureus ATCC 33593. The IgY antibodies were isolated
from egg yolk. The level of IgY activity in a 1000-fold dilution was
measured by indirect ELISA using S. aureus as an antigen and
expressed as the ELISA value (OD at 405 nm). Negative control
(1) was a nonspecific IgY (IgY anti-canine parvovirus) and nega-
tive control (2) was from animals not immunized with S. aureus.
Values are the mean of six samples (animals). Vertical bars indi-
cate the standard deviation. The arrows indicate the times of
immunization.
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Fig. 3. Growth inhibitory activity of IgY to S. aureus using differ-
ent concentrations (1, 2.5, and 5 pug/ml). Control (1) was without
IgY and control (2) with 5 ug/ml of nonspecific IgY (IgY anti-
-canine parvovirus); both were used as the negative or blank con-
trols. Control (3) was with 100 pg/ml of penicillin as the positive
control.

bition rate varied according to the protein concentration
in the filtered IgY extract (1, 2.5, and 5 pug/ml). pecific
IgY with 5 pg/ml protein had the highest inhibitory
capacity. There were statistical differences in the three
IgY concentrations (Fig. 4). The specific IgY with 1
ug/ml protein inhibited less than the 2.5 and 5 pg/ml
samples. All the tested samples inhibited more than
control no. 1 and 2. The validation of IgY anti-S. aureus
antibody was made by comparison with the negative
control and the blank, in which S. aureus growth was
explained by the absence of the specific antibodies. The
specific IgY of the 5 ug/ml sample was chosen for com-
parison with control no. 3, which was the positive con-
trol, because it was the concentration that inhibited bac-
terial growth most, and they were significantly different
(Fig. 5).

DISCUSSION

The present study demonstrates that IgY prepared
from the egg yolk of hens immunized with S. aureus is
effective in the growth inhibition of S. aureus in culture.
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Fig. 4. Comparison of the growth inhibitory effect of the three con-
centrations of IgY. Bars with different superscripts are significant-
ly different (p<0.005).
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Fig. 5. Comparison of the growth inhibitory effects of control no.
3 (a) and the specific IgY with 5 pug/ml (b). Bars with different
superscripts are significantly different (p<0.005).

S. aureus causes animal and human infections which can
frequently be cured using antimicrobial therapy, but the
large-scale use of antibiotics leads to the emergence of
antibiotic-resistant strains. An alternative to antibiotic
use is serum therapy. Serum therapy is the administra-
tion of immune sera from immunized animals for the
prevention or treatment of infectious diseases.
Antibody-based (serum) therapies were first used to
treat human infections in the 1890s. In the early 20th
century, serum therapy was used to treat a variety of
bacterial infections, including Coryneobacterium diph-
theriae, Streptococcus pneumoniae, Neisseria menigitidis,
and others. However, when antimicrobial pharmaceuti-
cals were discovered in the mid 1930s, serum therapy of
bacterial infections was quickly abandoned. In addition,
serum therapy included the development of side effects,
such as fevers, chills, and allergic reactions. A delayed
toxic reaction of serum therapy was serum sickness. The
use of chicken egg yolk antibodies (IgYs) has attracted
researchers’ interest because of the absence of consider-
able side effects. IgY can thus be an alternative method
for providing infection control. Comparing our results
with those obtained by Zhen shows that the IgY pro-
duced here was effective at lower concentrations (Zhen
et al. 2008).

In conclusion, the encouraging results of this study
indicate that anti-S. aureus IgY obtained from hens
immunized with S. aureus ATCC 33593 may provide an
interesting alternative to antibiotic use in the manage-
ment of S. aureus infectious in humans and animals.
However, many problems remain to be resolved for the
clinical application, such as the effect of IgY in these
organisms, the persistence of the effect of IgY after ces-
sation of the application, and the potential in eradicat-
ing an established infection. Therefore, more studies
must be conducted.
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