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To our knowlege, there is no rapid agglutination test to detect antibodies to viruses which might be due to the small dimension
of viral particles. Through complex formation of Staphylococcus aureus bearing protein A-rabbit IgG-anti IgY-IgY anti Marek
virus, agglutination of antibodies to viruses can be achieved and visualized. To design the prototype of the test, the bacterial cells
of Staphylococcus aureus were coupled to a complex compound consisting of IgG-IgY-Marek antigen. This protocol was able to
detect clearly the presence of Marek antibody in chicken sera, showing the rapid, clear and distinct agglutination reaction on the
glass objects. No agglutination reaction was observed in the reaction of specified pathogen free chicken sera with this prototype
showing the specificity of the test. This finding demonstrates a novel rapid agglutination which can be used for the detection of

antibodies to various agents.
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The use of specified pathogenic free (SPF) chickens are
absolutely necessary in the vaccine industries. The chicken
must be monitored regularly for their immunological status
by detecting the presence of specific antibody to certain
agents.

The World Health Organization (WHO) in its Technical
Series Report (TRS) No. 840 (1994) stated that SPF chicken
used in the pharmaceutical industry must be free from and
have no history of contact with Adeno virus, Reo virus,
infectious laryngotracheitis virus, reticuloendotheliosis virus,
infectious bursal disease virus, Marek virus, Newcastle
Disease virus, Haemophylus gallinarum, influenza and para
influenza virus, Salmonella, Mycoplasma, Retro virus, Avian
Encephalitis virus and pox virus. Various, and sometimes
complicated, serological tests are needed in the monitoring
of those agents (Takase et al. 2000). Based on this, an indirect
coagglutination test has been developed as a simple and
rapid method for detecting various specific antibodies in the
animal laboratory and could be used as an appropriate test in
the monitoring of health and the immunological status of
animal models.

Protein A is well known as one of the surface components
of the cell wall of bacteria and is found in Staphylococcus
aureus (Kusunoki et al. 1992; Scriba et al. 2008). Protein A is
apolypeptide with a molecular weight of 13-45 kDa, and binds
covalently with the cell wall of bacteria such as S. aureus
(Forsgren 1970; Boyle and Reis 1987; Kusunoki et al. 1992;
Takeuchi et al. 1995). Protein A has an important role in the
mechanism of infection, binding the crystallizable fragment
(Fc) of mammalian IgG, but not Fc of IgY from chicken (Boyle
et al. 1985). Protein A is able to bind the Fc of IgA and IgM
(Langone et al. 1978). Protein A binds the Fc of IgG, such
that the epitope in antigen binding fragment (Fab) is still free
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and has capacity to bind specific antigens (Ribeiro and Aradjo
Jr2009).

Coagglutination testing is a simple and rapid method in
detecting antigen with a high accuracy of test results. Up to
now, S. aureus Cowan I is mostly used and known as a rich
protein A S. aureus strain. However, to date and only very
limited information is available on the the possibility of using
field strains of S. aureus for coagglutination tests.

MATERIALS AND METHODS

Bacterial Isolates. In this study, 26 Staphylococcus
aureus isolates were used; 24 isolates were from humans and
2 isolates from bovines showing subclinical mastitis. All
isolates had been identified previously as S. aureus, and
existed as a collection of Fakultas Kedokteran Hewan, Institut
Pertanian Bogor (Djannatun 2002).

Re-Identification of Isolates. Bacteria were inoculated
onto blood agar plates for 18 h at 37 °C, and the type of
colony formation and type of haemolysis were observed.
The characteristics of bacteria were determined
microscopically with Gram staining, and the ability to utilize
glucose and mannitol and the expression of catalase and
coagulase activities (Qian et al. 2007).

Detection of Protein A with Soft-Agar and Serum
Soft-Agar. To determine S. aureus strains containing
protein A, soft-agar (SA) and serum soft-agar (SSA)
techniques are used. Bacterial suspension (1 loop, 10°cfu)
was inoculated into 10 mL of soft-agar (Brain Heart
Infussion /BHI+0.15%) (Gibco Europe, Karlsruhe, FRG) or
into 10 mL of serum soft-agar (BHI+0.15% agar+100ul rabbit
serum), agitated using a vortex and incubated at 37 °C for 18 h.
The bacteria containing protein A will show the changes of colony
formation from diffuse in SA to compact in SSA. The negative
strains will remain as diffuse colonies in SA as well asin SSA. For
further investigation, 3 isolates containing protein A will be selected
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and used as carriers (agglutinators) for the preparation of the
prototypes of kits. The consistency of the binding character
of the selected isolates will be confirmed in SSA using
different species of mammalian sera (Opdebeeck et al. 1988).

Detection of Protein A with Dot Blot Test. The presence
of protein A on the cell surface of bacteria was confirmed
with the dot blot test. The bacterial suspension (100 pL)
were dropped onto a nitrocellulose membrane (Bio-Rad, USA),
dried, submerged in skimmed milk 3% (v/v 1:10 in
phosphate buffer saline/PBS), washed 2x with 5 mL PBS.
Nitrocellulose membranes were submerged in 5 mL PBS,
incubated with 200 pL rabbit serum for 60 min, washed
with 5 mL PBS (2x) and incubated with mice-anti-rabbit
conjugate (25 mL conjugate + 5 mL larutan PBS) (Bio-
Rad, USA) for 60 min, followed by 2x washing with 5 mL
PBS. The interaction of protein A and IgG was visualized
by adding 5 mL of a-chloronapthol (9 mL a-chloronapthol
+3 mL metanol + 25 mL PBS) and 200 pL of H,0O, (Towbin
etal. 1979).

Purification of Inmunoglobulin Y Using Ion Exchange
Chromatography. The purification of IgY anti-Marek’s
antibodies from the chicken sera was done by ion-exchange
chromatography DEAE-cellulose/Sephadex G-25 (Amersham
Biosciences KK Tokyo, Japan). Using an ammonium sulphate
with final concentration 65% IgY (obtained from 20 mL of
chicken sera) precipatate which had been resuspended with
20 mL PBS (pH 7.5-8) DEAE-cellulose/Sephadex G-25 gel
(40 mL) was added to 250 mL distillated water, washed 3x
with distillated water, followed by washing with 50 mL of 1M
NaOH and 50 ml of IM HCI. Finally, the gel was suspended
in 40 mL of phosphate buffer (pH 8) and put in a 50 cm column
with a diameter of 22 cm. Gel was washed with Tris 10 mM
until clear, 5 mL ammonium sulphate precipated chicken sera
was added to the column and left for the IgY to bind to DEAE
beads. The column was washed with Tris 10 mM to release
the unbound proteins. The bound IgY was eluted with
200 mM NaCl in Tris 10 mM. The eluate was collected,
dialysed and stored until used (Ko and Ahn 2007).

Protein Characterization in SDS-PAGE. The purified
IgY was measured for purity using Spectrophotometer. For
this, a 100 pL aliquot of eluate was added to a cryol tube
containing 100 pL distillated water. The peak of the protein
was detected at 280 nm. The specificity of purified proteins
(IgY anti-Marek’s antibodies) was determined with agar gel
precipitation test (AGPT). The proteins were analysed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) using 3% (v/v) loading gel and 10% (v/v)
separating gel and staining with Coomasie Brilliant Blue
(Laemmli 1970).
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Preparation of Ig G Specific to IgY. Rabbits were vaccinated
in the first week with 0.5 mL purified IgY (1 mg mL’, intra
venal/iv), the vaccination was repeated in the second week
and the third week with 0.5 mL purified IgY (3x, iv),
respectively. One week after the last vaccination, the serum
was collected and tested for the presence of specific antibody
(IgG) against IgY using the agar-gel-precipitation test (AGPT)
(Zhou et al. 1994).

Preparation of Carriers-Matrix. Staphylococcus aureus
with protein A present is used as carrier matrix coupled to the
complex IgG-IgY-Marek chicken antigen. The bacteria was
preserved using formaldehyde 0.5% (v/v) for 60 min (Ansorg
and Zarifoglu 1986). To avoid the self agglutination, box
titration was done to find the appropriate composition of
bacterial suspension, rabbit sera, IgY and Marek virus, and
this complex agglutinator is known as prototype for proposed
diagnostic kits.

Specificity of Prototype Diagnostic Kits. To test the
specificity of the prototype, the positive chicken sera,
containing specific IgY to Marek virus and control sera from
SPF chickens are used. One drop (25 ul) of the prototype
solution was placed on a glass object and left to react with
one drop of positive serum. The negative serum was used as
control. The positive reaction will appear within 1 min, as a
clear and distinct agglutination reaction.

RESULTS

Detection of Protein A with Soft -Agar and Serum
Soft -Agar. All Staphylococcus aureus isolates used
in this study showed turbid growth in Todd Hewith broth
(THB). From 24 S. aureus samples of human origin, 17 isolates
showed the change of colony formation from diffuse to
compact after the presence of rabbit sera in SSA. Similar
results were found for 2 isolates of bovine origin, and by the
reference using SA Cowan I strain. No comparable results
were found for 7 isolates of human origin and for
S. epidermidis, the colonies remained diffuse after the
addition of rabbit serain SSA. No change of colony formation
was detected after the addition of chicken sera for all isolates
used in this study (Table 1).

From 17 S. aureus isolates containing protein-A, 3 isolates
were selected for preparation of carriers matrix, i.e. SA 53, SA
54 and 2Pil based on the phenotype expression of the colonies
in SSA. To detect the consistency of the binding characters,
the isolates were grown in SSA using various mammalian
sera. All isolates showed the change of colony formation in
SSA using the respective mammalian sera, but not for chicken
sera and S. epidermidis (Table 2).

Table 1 The use of soft-agar and serum soft-agar techniques to detect the presence of protein A in Staphylococcus aureus isolates

Growth in tod

Colony form in Colony formation using serum

Isolates hewitt broth (THB) soft agar Chicken Rabbit
Human isolates
12, 14, 15, 18, 29, 35, 36, 37, 38, 42,
45, 50, 53, 56, 59, 5924, 54 Turbid Diffuse Diffuse Compact
5, 43, 47, 48, 52, 5824, 5974 Turbid Diffuse Diffuse Compact
Bovine isolates

3Ti, 2Pi Turbid Diffuse Diffuse Compact
Staphylococcus aureus Cowan 1 Turbid Diffuse Diffuse Compact
S. epidermidis Turbid Diffuse Diffuse Diffuse




74 WIBAWAN ETAL.

Microbiol Indones

Table 2 The interaction of selected Staphylococcus aureus isolates with various mammalian sera in serum soft-agar

Test

Colony form of S. saureus

S.epidermidis®

SA 53 SA 54 SA 2Pil

Soft-agar Diffuse Diffuse Diffuse Diffuse

Serum soft-agar

Serum Compact Compact Compact Diffuse
Horse Compact Compact Compact Diffuse
Elephant Compact Compact Compact Diffuse
Sheep Compact Compact Compact Diffuse
Rabbit! Compact Compact Compact Diffuse
Dog Compact Compact Compact Diffuse
Guinea pig Compact Compact Compact Diffuse
Chicken Diffuse Diffuse Diffuse Diffuse

'positive control; *negative control.

For further confirmation, 3 selected isolates were tested
for the presence of protein A using the dot blot assay. All
isolates showed the presence of protein A. These results
are consistent with the results of previous experiments using
SSA (Table 3, Fig 1).

Purification of Immunoglobulin Y. The purification
of IgY began with the precipitation process using ammonium
sulphate which was followed by the separation step using
DEAE-cellulose/Sephadex G-25. The purified IgY showing
the maximum absorbance at A 280 nm had protein
concentration of 2.9-5.4 mg mL"'. This purified IgY reacted
specifically with Marek’s antigen in AGPT (data not shown).
Using electrophoresis and Coomassie blue staining, the
purified IgY was found to consist of one main protein band
with molecular weight of 97 kD (Fig 2).

IgG specific to IgY. One week after the last vaccination
of rabbits using purified IgY, the specific IgG to IgY was
detected in the sera detected with immunodiffusion tests.
The serum was collected and used for the preparation of
prototype diagnostic-kits.

In order to find out if the [gG-anti-IgY in the rabbit sera
had a consistent characters to bind protein A, 100 pL of serum
was used in SSA which caused the change of colony
formation of SA 53, compared to the S. epidermidis. SA 53

Table 3 The presence of protein A in the selected Staphylococcus
aureus isolates using dot blot assay

Isolates Dot Blot
Rabbit serum Chicken serum”
SA 2Pi + -
SA 53 + -
SA 54 + -
S. epidermidis - -
+, S. aureus Cowan I (dot blott +); -, S. epidermidis

(dot blott -); “Chicken serum cannot bind the

protein A.

¢ d
Fig 1 The presence of protein A in SA 53 isolate (b) and no
protein A in SA 43 (c). As positive contol SA Cowan I is used (a) and
Staphylococcus epidermidis used as a negative control (d).

was selected and used for the preparation of prototype
reactants of the future diagnostic kits (Fig 3).

Prototype of Diagnostic Kits. The prototype was
designed by combining the components A and B. Component
A was prepared by coupling the bacterial cells of SA53
(10° cfu) with rabbit sera containing IgG-anti-IgY with the

Fig 2 Protein bands of chicken serum after ammonium
precipitation (c) and after the DEAE-Cellulose purification (d), pure
albumin was used as control (a) and markers were run in line b.

Fig3  Compact colonies of SA 53 in serum soft agar (SSA) using
rabbit sera containing IgG-anti 1gY, Staphylococcus epidermidis
colonies renmain diffuse in SSA.
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composition 4:1 (v/v), incubated for 60 min. Component B
was prepared by incubating purified specific IgY with the
suspension of Marek virus. The relative compositions of
component A and B were monitored and optimalized with box
titration in order to avoid self agglutination reactions.

Application of the Test. The specificity of the prototype
reactants was undertaken by determining the presence of
specific IgY in chicken serum. This serum was obtained from
chickens which were previously vaccinated with Marek’s
disease virus. For the negative control, the sera from SPF
chickens used was kindly provided by PT Biofarma Persero,
Bandung. The test results showed that, a specific clear and
distinct agglutination reaction can be seen in positive Marek
serum 1 min after the addition of one drop of the kit suspension
onto a glass object (Fig 4). In contrast, no agglutination
reaction can be detected in control sera and the suspension
of kits remain homogeneous after 5 min of observing.

Fig 4 Agglutination reaction of chicken sera containing Marek
antibody with prototype diagnostic kits (left) and no agglutination
reaction in serum specified pathogen free chicken (right).

DISCUSSION

The gamma globulin (yIgG) binding capability of surface
component (protein A) found frequently on the cell wall of
certain strains of S. aureus has been exploited for sero-
diagnosis of several bacterial and viral diseases. This
coagglutination method was used mainly to detect specific
antigens. However, in the present communication indirect
coagglutination method is developed to detect the presence
of specific antibodies in chicken serum with the Marek’s
disease antibody being used as a model.

We endeavoured to search the scientific literatures about
the use of an indirect approach in the coagglutination test,
but there is only very limited information about the use of
indirect coagglutination for sero-diagnosis. Indirect
agglutination has already been used in the development
haemagglutination techniques, indirect ELISA, indirect
immunomagnetic separation, latex agglutination and for
indirect immunofluorescence (Rufli 1980; Del Rio ez al. 2003;
Jesudason et al. 2005; Datta et al. 2008; Kerremans et al. 2008).

The problem in the monitoring of the serological status
of laboratory animal is the use of various methods for certain
agents, and the use of complicated and expensive methods.
Indirect coagglutination methods could be considered as an
alternative and a simpler method that might be used in the
monitoring of specific antibodies in the animal laboratory.
The use of S. aureus containing protein A as an agglutinator,
as part of important components in the prototype design is
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possible. One the other hand, it is impossible to design the
direct agglutination using IgY of chickens because IgY that
cannot bind protein A. (Djannatun 2002).

Staphylococcus aureus containing protein A is very
important for this test. In this study we developed the simple
method of using serum soft-agar techniques to detect the
strains of S. aureus bearing protein A. This study showed
that the change of colony formation of bacteria from diffuse
to compact in SSA could be used an an indicator to select S.
aureus isolates containing protein A. This indicator was
confirmed by using the purified rabbit IgG, the change of
colony formation of protein A-positive-strains was also
observed after the addition of purified IgG in SSA (data not
shown). This indicated that the interaction of IgG and protein-
A on the bacterial cell wall is responsible for the change of
colony formation. The inhibition of bacterial capsule-
formation of streptococcal bacteria in SSA was caused by
the presence of antibody specific to capsule antigens
therefore causing the change of colony formation. These
results showed that the SSA could also be used to determine
the serotype of certain bacteria (Wibawan and Laemmler 1991;
Wibawan et al.1992).

In summary, the prototype of the Diagnostic Kit was
designed in complex form, using S. aureus containing
protein A, rabbit sera containing IgG-anti IgY), purified IgY
anti-Marek’s antibodies and Marek‘s virus. This complex
form is made and optimized using box titration to avoid the
self agglutination reactions. This is the most crucial step in
preparing the kits and the process is influenced by (i) the
titre of IgG in rabbit sera to IgY, (ii) concentration of
protein A of S. aureus, (iii) the titre of IgY to Marek’s virus,
(iv) the titre of Marek‘s antigen used, (v) incubation period
and (vi) the washing step.
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