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Summary
The present paper describes the methods for producing egg
yolk antibodies against Bordetella bronchiseptica. In
comparative experiments, avian and mammalian antibodies
were applicated in diagnostic test systems. The results oj
these investigations show the possibility oj substituting
mammalian antibodies Jor Ig Y in enzyme immunoassay and
indirect immunofluorescence.

ZusammenJassung: Untersuchungen zur diagnostischen
Anwendung von Dotterantikorpern gegen Bordetella
bronchiseptica.
Die vorliegende Arbeit beschreibt die Methoden zur Her-
stellung von Dotterantikorpern gegen Bordetella bronchi-
septica. In diagnostischen Testsystemen wurden aviare und
mammdre Antikorper vergleichend eingesetzt. Die Ergebnis-
se dieser Untersuchungen zeigen die Moglichkeit des
Ersatzes von Saugerantikorpern durch Dotterantikorper im
Enzymimmunoassay und in der indirekten Immunfluores-
renrtechnik.
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1 Introduction

Polyclonal antibodies are typically iso-
lated from the serum of immunised
mammals such as rabbits, goats, or
sheep. In contrast, the induction of
antibodies in laying hens, with the egg
yolk as antibody source, is a simple
and practicable alternative to traditio-
nal polyclonal antibodies. The egg yolk
antibodies are a specific and sensitive
tool for detection, characterisation,
quantitation, and localisation of diffe-
rent infectious agents. Specific avian
antibodies are widely used for diagno-
stic tests and analytical systems, espe-
cially immunological standard me-
thods.
Bordetella (B.) bronchiseptica is a

small, gram-negative, motile, aerobic
coccobacillus that causes respiratory
diseases in pigs, dogs, cats, horses, and
some laboratory animals. The diseases
are economically important, because
infected animals are predisposed to
secondary bacterial or viral infections.
Different vaccination programs were
developed against B. bronchiseptica
infection and/or against the complex of
respiratory diseases, in particular
against the atrophic rhinitis of swine.
The detection of the whole bacteria

or specific antigens of B. bronchisepti-
ca by using polyclonal antibodies is
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one important part of established dia-
gnostic tests.
The aim of the present study was the

induction of antibodies against B. bron-
chiseptica in laying hens, the preparation
of specific IgY from egg yolk, and the
demonstration of applications of these
egg yolk antibodies in enzyme immun-
oassay and immunohistochemistry.

2 Materials and Methods
2.1 Bordetella bronchiseptica
The B. bronchiseptica strain VST 19 I,
an isolate from a pig with atrophic
rhinitis, was used in our experiments
(Kruger and Horsch, 1982 a,b). The
strain was cultured on ACMM agar
(Simmons citrate agar supplemented
with glycerol, stare and nicotinic acid)
under standard conditions (Kasprzak et
aI., 1994). Following 48 h of incubati-
on at 37°C the bacteria were harve-
sted, washed in 0,15 mol/I NaCi soluti-
on, and centrifugated (400 xg, 20 min,
4 QC).The B. bronchiseptica strain was
used in two forms for induction of egg
yolk antibodies, as whole cell antigen
and after urea extraction (Schilow and
Nossack, 1988).
2.2 Immunisation procedure
The antigens were homogenised (1: 1)
with Freunds complete adjuvant for the
initial antigen application or with
Freunds incomplete adjuvant for the

booster injections. These antigen-adju-
vant mixtures (0,5 ml) were injected
into the pectoral muscle on both sides
of laying hens (22 weeks old). The
chickens were boosted after 40, 80 and
145 days in the same manner. The eggs
were collected daily over the whole
immunisation period and were stored at
4 °C until separation of the IgY from
the yolk.
2.3 Antibody extraction
The egg yolks containing the specific
antibodies were separated from the egg
white and were diluted (l :5) with
deionised water (pH 7,2). The yolk-
water mixture was homogenised and
frozen three times at -20°C. Following
this, the material was thawed and
centrifugated (1500 xg, 20 min, 4 DC).
Purification of IgY from the clear
supernatant was done by a two-step
precipitation procedure using saturated
ammoniumsulfate solution and the so-
called "BATCH"-extraction using
Bakerbond Abx-matrix (IT.Baker
B.V., Germany) as described by Fi-
scher et al. (1996). The IgY was shown
to be greater than 90 % pure by SDS-
PAGE analysis (Fischer et aI., 1996).
Purified IgY was frozen at -70°C after
protein concentration measuring (Pe-
terson,l979).
Rabbit immune sera against B. bron-

chiseptica antigens were a gift of the
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Institute of Microbiology and Control
of Animal Diseases (Veterinary Facul-
ty, Berlin). The isolation of the IgG
fraction from the rabbit sera was car-
ried out as described by Ambrosius and
Luppa (1987).
2.4 Detection of the specific egg yolk
antibodies by an enzyme immuno-
assay
Microtiterplates (Nunc, immunoplate F
96, Polysorp) were coated with 50 J.1l
per well of B. bronchiseptica antigen at
a concentration of 10 ug/ml in carbo-
nate/bicarbonate buffer (pH 9,6), over
night at 4 "C. After washings, 50 J.1l of
the avian antibody dilution were added
in each well. The antibodies were
diluted in so-called incubation buffer
(8,Og NaCI; 0,2g KH2P04; 2,9g
Na2HP04 x 12 H20, 0,2g KCI; 0,5ml
Tween 20; Aqua dest. ad 1000,0 ml,
pH 7,4, rlm If) % Gelafusal / Serum-
werk Bernburg,Germany ). Following
an incubation of lh at 37°C, the plates
were washed three times and 50 J.1l/
well POD-labeled anti-chicken IgG
(SIGMA, Immunochemicals) were ad-
ded (1:20.000 in incubation buffer).
The plates were incubated for I h at
37°C. Following this, the plates were
washed and 50 ul/well substrate chro-
mogen solution (! !) was added. The
reaction was stopped with 1M H2S04

(50J.1l/well) after 20 min. The absor-
bence was measured at 492 nm using a
SLT-reader system (SLT Labinstru-
ments, Germany).
The titre of the specific IgY was

defined as the dilution of the antibody
at which the absorbence/optical density

titre
10

(OD) was threefold higher than the OD
of an unspecific control antibody.
2.5 Enzyme immunoassay to detect
B. bronchiseptica antigen
We established an enzyme immunoas-
say to detect B. bronchiseptica antigen.
In this assay we compared the avian
and the mammalian antibodies. The
test principle and procedure are shown
in fig. 2.
We used the avian antibodies as

catch-antibody or as first detection
antibody in comparison to the rabbit
antibody.
This test variant was also used for

the specifity comparison of the rabbit
and avian antibodies.
Test variant A.:
The wells of an microtiterplate were
coated with 1,0 ug/ml of purified avian
antibody, and incubated over night at
4 "C. After the washing step, the plates
were blocked with incubation buffer
and incubated for 30 min at 37°C.
Following this, the B. bronchiseptica
antigen was added in various dilutions
for 2 h at 37°C. Plates were washed
and 50 J.1lper well of the specific rabbit
antibody (l: 1000 in incubation buffer)
were pipetted in each well. Following
this step, 50 ul/well of POD-labeled
anti- rabbit IgG (SIGMA, Immunoche-
micals) was added. Finally, we added
50 J.1l substrate solution (5 mmol/l 0-

phenyldiamin,5 mmol/l H202in citrate
buffer, pH 5,0) into the wells. The
reaction was stopped with 1M H2S04

after 20 min. Absorbence was read at
492 nm.

80
time (days)

Figure 1: Time-curve of antibody titre development after immunisation with B. bronchi-
septica antiqen.] = antigen application
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Test variant B.:
The microtiterplates were coated with
1,0 ug/ml of rabbit antibody and incu-
bated over night at 4 "C. After wa-
shings and the blocking step, the B.
bronchiseptica antigen dilutions were
added (50 ul/well). Following this, 50
ul/well of the purified egg yolk antibo-
dy (l: 1000 in incubations buffer) was
added. After the incubation and the
washing procedure, 50 J.1l of POD-
labeled anti-chicken IgG (SIGMA, Im-
munochemicals) was pipetted in each
well. Following this we added 50 J.1l of
substrate solution into the wells. We
stopped the reaction with 1M H2S04

after 20 min. Absorbence was read at
492 nm using.
2.6 Indirect immunfluorescence (IF)
After acetone fixation (10 min) bacteri-
al cells were incubated with different
specific antibodies directed against B.
bronchiseptica antigens. The rabbit
anti-B. bronchiseptica antibody was
diluted 1:20 in PBS and incubated for
30 min at room temperature. A FITC-
labeled anti-rabbit IgG (Dianova), dilu-
ted 1:50 in PBS, was added onto the
slides after three washing steps with
PBS. The slides were incubated 30 min
at room temperature.
Specific egg yolk antibodies against

B. bronchiseptica and an avian antibo-
dy against tetanus toxoid (negative
control) were diluted 1:20 in PBS . The

o

c

B

A

160 Figure 2: Enzyme immunoassay to
detect B. bronchiseptica antigen
A = catch-antibody
B = antigen
C = detection antibody
D = anti-species- antibody (POD-labeled)
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Figure 3: Suspended bacterial cells stained by the IF-technique (x 100). a) reaction pattern after staining with egg yolk antibody; b)
reaction pattern after staining with rabbit antibody; c) after staining with an unspecific avian antibody (anti-tetanus toxoid)

avian antibodies or PBS (unspecific
control) were added to the fixed anti-
gen for 30 min at room temperature.
After washings with PBS the slides
were incubated with FITC-Iabeled anti-
chicken IgG (SIGMA Immunochemi-
cals; 1:32 diluted in PBS) .

3 Results and Discussion

Egg yolk antibodies are a real alternati-
ve to mammalian antibodies in several
diagnostic and analytical systems ba-
sed on immunological reactions (Scha-
de et ai.,1991). Many studies have
demonstrated the induction, preparati-
on and application of specific avian
antibodies against various infectious
antigens (Hiepe et ai.,1988; Graewska-
ja et ai., 1988).

We described the production of egg
yolk antibodies and the use of these
immunological tools in enzyme im-
munoassay and in immunohistochemi-
stry.
We have immunised laying hens

with two kinds of B. bronchiseptica
antigens. The time-curve of antibody
titre development showed a continuous
increase or a stable level of the specific
IgY titre, respectively ( fig. 1).
Large amounts of antibodies against

B. bronchiseptica antigens were ex-
tracted by standard methods with sim-
ple equipment. The results of the purity
analysis of our IgY preparations were
demonstrated by Fischer et al. (1996).
The comparison of avian and rabbit

antibodies in the tests showed the
possibility of substituting mammalian
antibodies by IgY in enzyme immun-
oassay and immunohistochemistry.
We could use the purified egg yolk

antibodies in enzyme immunoassay as
catch antibody or as first detection
antibody to identify the B. bronchisep-
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tica antigens (fig. 2). Furthermore we
could demonstrate a good correlation
between the avian and mammalian
antibodies in the enzyme immunoassay
for detection of the urea extracted
antigen (not shown). The egg yolk
antibody showes the same high sensiti-
vity and specifity as the rabbit antibo-
dy. But to identify the whole bacterial
antigen in enzyme immunoassay the
avian antibodies showed an insufficient
sensitivity. The avian antibody is not
suitable for the detection of the whole
bacterial antigen in the present conditi-
on. In present experiments we examine
different IgY preparations and various
assay conditions to improve the dia-
gnostic application of these avian anti-
bodies.
In the immunohistochemical investi-

gations we could demonstrate the abso-
lute substituting of mammalian antibo-
dies by IgY (fig.3).
In present studies we investigate

section material to detect B. bronchi-
septica antigen.
In the future we want to produce egg

yolk antibodies against subunits of
bacteria, such as lipopolysaccharides.
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