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Description

FIELD OF INVENTION:

[0001] This invention relates to a modified method of
agglutination to detect infections caused by microorgan-
isms.
[0002] This invention also relates to a highly sensitive
agglutination test named as "Superagglutination Test" to
diagnose infections caused by various microorganisms
and to avoid false positive and false negative results com-
monly obtained with the conventional agglutination tests.

BACKGROUND OF THE INVENTION:

[0003] Agglutination tests can be used as qualitative
tests to assay for the presence of an antigen or an anti-
body or as quantitative tests to measure the level of an-
tibodies to particulate antigens. Rapid Plate Tests (RPT)
or Plate Agglutination Tests (PAT) / Slide Agglutination
Tests (SAT) are screening tests used to detect antibodies
to microorganisms in the sera. Positive serum samples
are subjected to Tube Agglutination Test (TAT) for further
confirmation and quantitation of the titer of antibodies. In
quantitative test, serial dilutions are made of a serum
sample to be tested for antibody and then a fixed amount
of particulate antigen is added. The maximum dilution
that gives visible agglutination is called the titer. The in-
tensity of the agglutination reaction is a good indicator of
the concentration of antibody in the serum. Very low con-
centration of antibodies may not give visible agglutina-
tion. The lack of agglutination at high concentrations of
antigen or antibodies is called the Prozone effect. In Pro-
zone very small complexes are formed that do not clump
to form visible agglutination. These factors also lead to
false negative results.
[0004] In many countries, the standard Plate Aggluti-
nation Test is the routine test for human Brucellosis. How-
ever, it may give false negative results (WHO Report,
1986; Lucero and Bolpe, 1998). Rose Bengal Plate Test
(RBPT) is a variant of plate / slide agglutination test where
killed Brucella organisms stained with Rose Bengal dye
are used as antigen for detection of antibodies in the
serum. The International Office of Epizootics has recom-
mended the RBPT as one of the tests for the diagnosis
of bovine Brucellosis (Corbel and MacMillan, 1995). The
RBPT is a quick, cheap and effective test for the diagno-
sis of Brucellosis. It can be carried out with the minimum
of equipment, and the end result is read by the naked
eye. However, many factors affect the RBPT reactions
and their reading. Some people are able to see the finer
agglutination while many others cannot. This causes var-
iation in results. Some authors (Saravi et al., 1990) have
reported unacceptable rate of false negatives with the
RBPT. The sensitivity of RBPT antigens obtained from
different sources may vary considerably when used for
testing sera from animals in herds / flocks of low preva-
lence (Blasco et al., 1994).

[0005] The conventional agglutination test is a simple
and cheap method for diagnosis of infectious diseases.
However, it has lesser sensitivity and hence more chanc-
es of false negative results compared to other serological
tests like ELISA, Western Blotting etc. Earlier attempts
to enhance agglutination have led to the development of
Indirect Coombs’ Test and Coagglutination Test. The In-
direct Coombs’ Test using antiglobulin has been applied
for cross linking of serum antibodies to make larger
clumps of agglutinates for easy detection. However, an-
tiglobulin alone forms spread - out meshwork of antibod-
ies with loose ends of antiglobulin which are difficult to
detect with the naked eye. Coagglutination is a sensitive
test for screening and rapid diagnosis of infectious dis-
eases. However, it requires Protein A which binds to the
immunoglobulins in a non-specific manner and is expen-
sive as well as cumbersome to prepare. Furthermore,
false positive results are possible in both, the Coombs’
ntiglobulin Test as well as the Coagglutination Test due
to the inability to differentiate non - specific aggregates
of antigen particles alone from the specific agglutinates
formed by antigen and antibody combined.
[0006] Limitations of the currently available diagnostic
tests include:

a) The available agglutination tests and kits based
on them have less sensitivity and more chances of
false negative results.
b) Inability to differentiate non - specific aggregates
of particulate antigen formed by improper mixing
from the specific agglutinates of antigen and anti-
body may lead to false positive results in conven-
tional agglutination tests.
c) The Indirect Coombs’ test using antiglobulin has
been applied for cross linking of serum antibodies to
make larger clumps of agglutinates for easy detec-
tion. However, antiglobulin alone forms widely
spread - out meshwork of antigen - antibody clumps
with loose ends of antibody bound antiglobulin diffi-
cult to detect with the naked eye.
d) Coagglutination Test is dependent on Protein A
which is expensive and binds non - specifically to
immunoglobulins.
e) False positive results are possible in both, the
Coombs’ Antiglobulin Test as well as the Coaggluti-
nation Test due to the inability to differentiate non -
specific aggregates of antigen particles alone from
the specific agglutinates formed by antigen and an-
tibody combined.
f) ELISA and Western Blotting require trained tech-
nicians and well equipped labs which are few in de-
veloping countries. Kits based on these assays are
expensive.
g) Molecular diagnostic techniques can be per-
formed only by well trained technicians in well
equipped laboratories which are few in developing
countries. Commercially available kits based on
these assays are expensive.
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[0007] Chachra D et al, J Bacteriol Research 2009,
1(3), 30 - 33 discloses the comparative efficacy of three
serodiagnostic tests (RBPT, STAT and Dot ELISA) in
detecting anti-Brucella antibodies in sera evaluated on a
total of 28 serum samples including 18 samples from
brucellosis suspected and 10 from normal healthy (bru-
cellosis unaffected) cattle.
[0008] Sarumathi C et al, Indian Veterinary J 2003,
80(11), 1106 - 1108 discloses that out of a total of 1541
sera tested by A-B ELISA, 192 samples were positive for
Brucella antibodies whereas only 12 samples and 52
samples were found to possess positive serum titres by
RBPT and STAT, respectively. Further, the A-B ELISA
had a sensitivity of 100 % and specificity of 88.22 % and
90.59 % when compared with RBPT and STAT, respec-
tively. Hence, the A-B ELISA can be used for regular
epidemiological screening of sera samples for antibodies
to Brucella when compared to the other conventional se-
rological tests.

OBJECTS OF THE INVENTION:

[0009] An object of this invention is to propose a mod-
ified method of agglutination to detect infections caused
by various microorganisms.
[0010] Another object of this invention is to propose a
method for developing an extremely sensitive, specific,
cheap and easy to use diagnostic assay and diagnostic
kits based on it for infectious diseases.
[0011] Still another object of this invention is to propose
a method for accurately diagnosing and for rapid screen-
ing and monitoring a large number of infectious diseases.
[0012] Further, an object of this invention is to propose
a method to develop a reliable agglutination test to elim-
inate the possibility of false positive results common with
the conventional agglutination tests.
[0013] Still a further object of this invention is to pro-
pose a method to develop a reliable agglutination test to
eliminate the possibility of false negative results common
with the conventional agglutination tests.
[0014] Yet another object of this invention is to propose
a diagnostic method and a diagnostic kit based on it which
is penside and whose result is easily detectable by naked
eyes.

BRIEF DESCRIPTION OF THE INVENTION:

[0015] A modified method of agglutination to detect in-
fections caused by microorganisms comprising:

staining the test serum, plasma or blood or purified
antibodies with a protein stain;

mixing serum, plasma or blood with stained antibod-
ies with equal quantity of colored/white antigen par-
ticles or antigen-coated latex beads or microparticles
on a glass slide;

adding diluted Antiglobulin conjugated with Biotin to
the said mixture;

subjecting the mixture to the step of mixing; and

adding diluted Avidin to the mixture and thoroughly
mixing all the ingredients, wherein preferably Avidin
is tagged with a visible indicator.

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS:

[0016]

Figure A. Conventional agglutination with antigen
(Ag) and positive serum (Ab).
Figure B. Enhanced agglutination with IgG and IgM
Antiglobulins (AG).
Figure C. Superagglutination with Biotinylated Anti-
globulin (bAG) and Avidin (Av).
Figure 1. Normal Agglutination caused by antigen
and positive serum.
Figure 2. Superagglutination with stained antibody,
Biotinylated Antiglobulin and Avidin (gross view).
Figure 3. Superagglutination (microscopic view).

DETAILED DESCRIPTION OF THE INVENTION:

[0017] The reaction of a particulate antigen with the
antibody leads to the clumping of the antigen which is
called Agglutination. The Agglutination test is used in the
diagnosis of infections by demonstrating the presence of
antibodies in the serum, plasma or blood against anti-
gens of infectious microorganisms. The agglutination test
only works with particulate antigens. However, it is pos-
sible to coat particles such as latex beads with a soluble
antigen (e.g., viral antigen) and use the coated particles
in an agglutination test for detecting antibody to the sol-
uble antigen as well. In the Latex Agglutination Test, a
suspension of microscopic latex beads coated with the
antigen are mixed with a sample of serum, plasma or
whole blood. If antibodies are present in the sample, they
will bind to the antigen on the beads causing them to
agglutinate or clump. This clumping can be detected vis-
ually. Agglutination test is very quick as it can detect an-
tibodies within five minutes compared to several hours it
takes to develop results using kits based on other tests.
[0018] The agglutination test is a simple and cheap
method for the diagnosis of infectious diseases. Howev-
er, it has lesser sensitivity and hence more chances of
false negative results compared to other serological tests
like ELISA, Western Blotting etc. Earlier attempts to en-
hance agglutination have led to the development of In-
direct Coombs’ test (Coombs’ Antiglobulin Test) and Co-
agglutination test. However, the Coombs’ Antiglobulin
Test has the limitation of formation of wider meshworks
of antigen - antibody clumps due to the loose ends of
antiglobulin Fc region. Coagglutination is a sensitive test
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for screening and rapid diagnosis of infectious diseases.
However, it requires Protein A which binds to the immu-
noglobulins in a non - specific manner and is expensive
as well as cumbersome to prepare. Furthermore, false
positive results are possible in both, the Coombs’ Anti-
globulin Test as well as the Coagglutination Test due to
the inability to differentiate non - specific aggregates of
antigen particles alone from the specific agglutinates
formed by antigen and antibody combined. Novel modi-
fications to the conventional agglutination tests (like RB-
PT, PAT and SAT) presented here can eliminate false
positive results by differentiating non - specific aggre-
gates of antigen particles from specific agglutinates of
antigen and antibody and can circumvent the problem of
false negative results by enhancing their sensitivity multi-
folds (from two- to ten-folds) without affecting the specif-
icity. In the modified plate / slide agglutination test, 3 ml
(or 1 drop) of the particulate antigen (e.g., Rose Bengal
stained, killed Brucella organisms in case of RBPT) or
antigen coated particles (like latex beads) are mixed with
3 ml (or 1 drop) of the test serum, plasma or blood or
purified antibodies on a glass plate or a glass slide as in
the conventional method. However, in the modified test,
the test serum, plasma or purified antibodies are
prestained by mixing with 2 - 3 ml of a protein stain of
contrasting color (like Coomassie Blue or Amido Black)
to color the antibodies. Then 3 ml (or 1 drop) of appropri-
ately diluted antiglobulin (antibodies to immunoglobulins,
specific to the species of origin and isotype of the test
antibody) conjugated with Biotin is added to the reaction
mixture (i.e., colored antigen and stained antibody) and
the three reactants (viz. colored antigen, stained antibody
and Biotinylated Antiglobulin) are then mixed by rocking
for four minutes or with the help of a clean toothpick or
a micropipette tip. Three microlitres of appropriately di-
luted Avidin (or Avidin conjugated with a visible indicator
like Ferritin) are then added to the mixture and the four
reactants (viz. colored antigen, stained antibody, Bioti-
nylated Antiglobulin and Avidin) are then mixed thorough-
ly using a clean toothpick or a micropipette tip. Since
Avidin has a strong affinity for Biotin, it will cross- link
Biotinylated Antiglobulin bound to the antigen - antibody
clumps making larger and more compact masses of
clumps. The additional steps of staining the test antibody
and adding Biotinylated Antiglobulin and Avidin are the
three new modifications to the conventional method of
agglutination tests.
[0019] The result is read out by the unaided eye or with
the help of a hand lens or under an ordinary light micro-
scope after putting a coverslip on the slide. If visible
clumps are formed, the test sample is positive for the
antibody against that antigen. The above concept can be
suitably adapted for application in Standard Tube Agglu-
tination Test (STAT) also. In antibody control (i.e., anti-
gen, negative serum and species - specific antiglobulin),
there will be no agglutination of antigen particles. In an-
tiglobulin control (i.e., antigen, positive serum and unre-
lated antiglobulin), there will be normal agglutination but

no enhancement of agglutination. The principle is illus-
trated with diagrams (Figs. A, B & C) and with the pho-
tographs of actual results of superagglutination for diag-
nosis of Brucellosis (Figs. 1 to 3).
[0020] These simple and easy modifications very sig-
nificantly enhance the sensitivity of the agglutination test
because of formation of compact and larger clumps due
to cross - linking of antigen - bound antibodies by Bioti-
nylated Antiglobulin cross - linked with Avidin, without
compromising specificity and hence minimize the chanc-
es of false negative results occurring due to low titer of
antibody in the serum or because of Prozone due to an-
tigen or antibody excess. The staining of antibody in the
serum / plasma eliminates the false positive results aris-
ing due to non - specific aggregates of antigen particles
caused by improper mixing. The real agglutinates will be
of two colors due to the colored antigen and the stained
antibody whereas clumps of antigen particles alone will
be of one color only.
[0021] The new modifications in the agglutination test
proposed here do not require any extra equipment and
they do not cost much since only a few microlitres of the
stain, the diluted Biotinylated Antiglobulin and diluted Avi-
din are required for each test. Polyclonal antiglobulins
from serum can also be used instead of expensive com-
mercially available monoclonal antiglobulins. Further-
more, the additional steps of staining the antibody, add-
ing Biotinylated Antiglobulin and Avidin and mixing the
reactants do not require more than five minutes. The an-
tiglobulin of IgG isotype, being bivalent, can give about
two - fold enhancement in agglutination whereas, the an-
tiglobulin of IgM isotype, due to its ten binding sites, can
give upto ten - fold enhancement in agglutination. The
binding of Avidin with Biotin on the Biotinylated Antiglob-
ulin makes the clumps larger and more compact and
hence easily detectable by naked eyes. The modified
agglutination test as proposed above is named as "Su-
peragglutination Test".
[0022] The Agglutination Test is useful when a quick
screening result is required, and can be used when other
types of antibody detection tests cannot be performed
because of the lack of refrigeration and sophisticated
equipment. It is particularly useful in remote areas of the
world that lack the facilities for other advanced tests and
may also be very useful as a preliminary screening meas-
ure in emergency situations in the developing countries.
Agglutination Tests can be used as qualitative tests to
assay for the presence of an antigen or antibody or as
quantitative tests to measure the level of antibodies to
particulate antigens. Rapid Plate Tests (RPT) or Plate
Agglutination Tests (PAT) / Slide Agglutination Tests
(SAT) are screening tests used to detect antibodies to
microorganisms in the sera. Positive serum samples are
subjected to the Standard Tube Agglutination Test
(STAT) for further confirmation and quantitation of the
titer of antibodies. In quantitative test, serial dilutions are
made of a serum sample to be tested for antibody and
then a fixed amount of particulate antigen is added. The
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maximum dilution that gives visible agglutination is called
the titer. The intensity of the agglutination reaction is a
good indicator of the concentration of antibody in the se-
rum. Very low concentration of antibodies may not give
visible agglutination. The lack of agglutination at high
concentrations of antigen or antibodies is called the Pro-
zone effect. In Prozone, very small complexes are formed
that do not clump to form visible agglutination. These
factors lead to false negative results.
[0023] In many countries, the standard Plate Aggluti-
nation Test is the routine test for human Brucellosis. How-
ever, it may give false negative results (WHO Report,
1986; Lucero and Bolpe, 1998). Rose Bengal Plate Test
(RBPT) is a variant of plate / slide agglutination test where
killed Brucella organisms stained with Rose Bengal dye
are used as antigen for detection of antibodies in the
serum. The International Office of Epizootics has recom-
mended the RBPT as one of the tests for the diagnosis
of bovine Brucellosis (Corbel and MacMillan, 1995). The
RBPT is a quick, cheap and effective test for the diagno-
sis of Brucellosis. It can be carried out with the minimum
of equipment, and the end result is read by the naked
eye. However, many factors affect the RBPT reactions
and their reading. Some people are able to see the finer
agglutination while many others cannot. This causes var-
iation in results. Some authors (Saravi et al., 1990) have
reported unacceptable rate of false negatives with the
RBPT. The sensitivity of RBPT antigens obtained from
different sources may vary considerably when used for
testing sera from animals in herds / flocks of low preva-
lence (Blasco et al., 1994).
[0024] The use of Biotin conjugated Antiglobulin reac-
tive to the agglutinating antibody causes cross - linking
of the antibodies. This additional linking of antibody
clumped to antigen - coated particles (or particulate an-
tigen) by the Biotinylated Antiglobulin results into larger
clumps which are further made larger, compact and con-
solidated by Avidin binding to Biotin and thus easily vis-
ible by the unaided eye. The use of prestained antibodies
helps in differentiating non - specific clumps of particulate
antigen of single color from the specific antigen - antibody
agglutinates with two colors. The addition of Biotinylated
Antiglobulin and Avidin to enhance the agglutination
(clumping of antigen particles with the antibody) and the
staining of test antibodies are the novel ideas and the
inventive steps to this invention. The Biotinylated Anti-
globulin cross - links the antibody molecules which are
clumped to the antigen particles and the Avidin further
links the Biotinylated Antiglobulin molecules. Hence larg-
er and compact clumps are formed (i.e., superagglutina-
tion occurs) which can be easily detected by the unaided
eye.

Claims

1. A modified method of agglutination to detect infec-
tions caused by microorganisms comprising:

staining the test serum, plasma or blood or pu-
rified antibodies with a protein stain;
mixing serum, plasma or blood with stained an-
tibodies with equal quantity of colored/white an-
tigen particles or antigen-coated latex beads or
microparticles on a glass slide;
adding diluted Antiglobulin conjugated with Bi-
otin to the said mixture;
subjecting the mixture to the step of mixing; and
adding diluted Avidin to the mixture and thor-
oughly mixing all the ingredients, wherein pref-
erably Avidin is tagged with a visible indicator.

2. The method as claimed in claim 1, wherein the color-
ed/white antigen particles are selected from Rose
Bengal stained, killed Brucella organisms or latex
beads or microparticles coated with the antigen.

3. The method as claimed in claim 1, wherein the pro-
tein stain used to stain the antibody is selected from
Coomassie Blue or Amido Black.

4. The method as claimed in claim 1, wherein the said
indicator tagged to Avidin is Ferritin.

5. The method as claimed in claim 1, wherein Biotin-
conjugated Antiglobulins are selected from IgG or
IgM isotype.

Patentansprüche

1. Modifiziertes Verfahren der Agglutination zum Er-
kennen von Infektionen, die durch Mikroorganismen
verursacht werden, umfassend:

Anfärben des Testserums, -plasmas oder -bluts
oder gereinigter Antikörper mit einem Protein-
Anfärbreagens,
Mischen von Serum, Plasma oder Blut mit an-
gefärbten Antikörpern mit einer gleichen Menge
von farbigen/weißen Antigenpartikeln oder von
mit Antigen beschichteten Latexkügelchen oder
Mikropartikeln auf einem Glasobjektträger,
Zugeben von verdünntem Antiglobulin, das mit
Biotin konjugiert ist, zu der Mischung,
Unterziehen der Mischung dem Schritt des Mi-
schens und
Zugeben von verdünntem Avidin zu der Mi-
schung und gründliches Mischen aller Inhalts-
stoffe, wobei das Avidin vorzugsweise mit einem
sichtbaren Indikator markiert ist.

2. Verfahren nach Anspruch 1, wobei die farbigen/wei-
ßen Antigenpartikel aus angefärbtem Bengalrosa,
getöteten Brucella-Organismen oder mit dem Anti-
gen beschichteten Latexkügelchen oder Mikroparti-
keln ausgewählt sind.
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3. Verfahren nach Anspruch 1, wobei das Protein-An-
färbreagens, das zum Anfärben des Antikörpers ver-
wendet wird, aus Coomassie-Brillant-Blau oder Ami-
doschwarz ausgewählt ist.

4. Verfahren nach Anspruch 1, wobei der Indikator, mit
dem das Avidin markiert ist, Ferritin ist.

5. Verfahren nach Anspruch 1, wobei mit Biotin konju-
gierte Antiglobuline aus IgG- oder IgM-Isotyp aus-
gewählt sind.

Revendications

1. Procédé modifié d’agglutination pour détecter des
infections provoquées par des micro-organismes,
consistant à :

colorer le sérum, le plasma ou le sang de test
ou les anticorps purifiés avec un colorant de
protéine ;
mélanger le sérum, le plasma ou le sang avec
les anticorps colorés, avec une quantité égale
de particules antigéniques colorées/ blanches
ou de billes de latex ou de microparticules revê-
tues d’antigène sur une lame de verre ;
ajouter une antiglobuline diluée conjuguée avec
de la biotine audit mélange ;
soumettre le mélange à l’étape de mélange ; et
ajouter de l’avidine diluée au mélange et mélan-
ger complètement tous les ingrédients, l’avidine
étant de préférence marquée avec un indicateur
visible.

2. Procédé selon la revendication 1, dans lequel les
particules antigéniques colorées/ blanches sont
choisies parmi du rose Bengale coloré, des organis-
mes Brucella tués, ou des billes de latex ou des mi-
croparticules revêtues de l’antigène.

3. Procédé selon la revendication 1, dans lequel le co-
lorant de protéine utilisé pour colorer l’anticorps est
choisi parmi le bleu de Coomassie ou le noir Amido.

4. Procédé selon la revendication 1, dans lequel ledit
indicateur marquant l’avidine est la ferritine.

5. Procédé selon la revendication 1, dans lequel les
antiglobulines conjuguées avec la biotine sont choi-
sies parmi l’isotype IgG ou IgM.

9 10 
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