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Abstract of the disclosure

A method for the determination of antigens or antibodies
in the presence of an immune complex

The invention relates to an immunochemical method for the
detection or determination of one partner of an antigen-
antibody reaction, wherein, in order to suppress non-
specific reactions, the immunochemical reaction takes
place in the presence of an immune complex which does not
contain any antibody or antigen that is specific for one
of the partners.
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A method for the determination of antigens or antibodies

in the presence of an immune complex

—

The invention relates to an immunochemical method for the
detection or determination of one partner of an antigen-
antibody reaction, wherein, in order to suppress non-
specific reactions, the immunochemical reaction takes
place in the presence of an immune complex which does not

contain any antibody or antigen that is specific for one
of the partners.

It 1s known that specific antibodies bind to the
corresponding antigens or haptens. Use is made of this
reaction in many immunoassay methods. Human sera can be
examined for the presence of a particular antigen, using
the corresponding antibody, for example by means of
nephelometry, turbidimetry, ELISA or the latex agglutina-

tion reaction. These and similar methods are well known
to the person skilled in the art.

It 1is known that certain constituents present in the
serum to be examined can interfere with these detection
reactions. In particular, human serum contains the
protein Clg (a complement component) and rheumatoid
factors (RF). It is known that these substances can also
bind to the antibody. The concentrations of rheumatoid
factors and of Clg vary within very wide limits in human
sera, for which reason it is normally necessary to
subject the sera in advance to a treatment for
inactivating Clg and/or removing endogenous rheumatoid
factors. Otherwise the results and in particular the

quantitative determinations can be subject to substantial
error.
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The detection of antigens or antibodies with the aid of
the manual latex agglutination reaction has the advantage

that implementation is simple and the test results are
obtained in a very short time.

Because of their great precision and speed and because
they lend themselves to automation, nephelometric and
turbidimetric determination methods have found ready

access to medical investigation laboratories.

These methods make use of the property of antigens and/or
antibodies to form immune complexes with the correspond-
ing partner in an immunochemical reaction. The formation
of antigen-/antibody complexes that begins after the
mixing of both the partners, and the associated change in

the number and size of the light-scattering centers, can
then be measured photometrically, for example.

It is known that the sensitivity of serological or
immunological determination methods can be increased by
the use of indicator or carrier particles that are
charged with the corresponding immunological reagent (an
antibody or an antigen). Red blood cells, cells of a cell

culture or polymer particles can, for example, be used as
carrier material. Usually, latex particles with a

diameter of 0.02 to 5 uym are employed for this purpose.

Such a "particle~boosted" nephelometric or turbidimetric
test can reliably detect proteins down to concentrations
of some 5 ng/ml. In a particle-boosted test of this type,
antibodies or antigens ("solid phase") that are bound to
particulate polymers are employed. For determination of
an antigen a solid-phase-bound antibody is employed, for
determination of an antibody a solid-phase-bound antigen.
In both cases an agglutination of the polymer particles
occurs as the result of the immune reaction. This results
in an increase 1in the size o0f the agglutinates and a
concomitant change 1n the scattered light signal or in
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the turbidity of the reaction mixture.

EP 0 087 728 and EP 0 290 117 disclose latex
agglutination methods that make use of antisera and/or
gamma globulins without antibody specificity with regard
to one of the reactants participating in the reaction for
preventing nonspecific reactions.

Suitable antisera of this type are animal gamma globulins
or heat-aggregated human gamma globulins, for example a
mammalian anti-sheep erythrocyte serum and preferably a
rabbit anti-sheep erythrocyte serum. Gamma globulins in
the abovementioned sense are also gamma globulin
fractions which can be prepared by means of known methods
such as ammonium sulfate precipitation, 1on exchange
chromatography or immunoadsorption chromatography.

A disadvantage in this method is that the gamma globulin
solutions that are used normally have to be from the same
animal species as the latex-particle-bound specific
detection antibodies against the antigen to Dbe
determined. Thus, for examp.e, 1in the determinat:on of
myoglobin, rabbit antibodies against human myoglobin are
used and the absorption solution also contains rabbit
gamma globulin (immunized with sheep erythrocytes
(amboceptor)). This absorption sclution cannot be used in

a latex agglutination test for detect:ng C-reactive
protein (CRP}, 1in which the antibodies, for example
against human CRP, are derived from sheep, since the
amboceptor 1s ©f rabbizt origin and causes a

spontaneous agglutination ¢f the latex particles.

It 1is possible, as described :n EP 0 087 728, to
eliminate the interference by rheumatoid factors in the
determination of CRP with sheep anti-human IgG. If the
sclid-phase-bound detection antibodies against human CRP
are of sheep origin, however, then the human I1gG present
in the serum reacts in diluted sera with the (sheep)

HS N LR
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anti-human IgG with agglutination, if the level of human

IgG is in about the region of equivalence (to the added
anti-human IgG).

It has now been found, surprisingly, that the
5 difficulties described above, that are caused by
nonspecific agglutination, can be prevented if the
agglutination reaction is carried out in the presence of
an immune complex whose components do not react either

with the antigen or antibody to be determined, or with
10 the partner bound to the latex particles.

The invention thus relates to a method for the detection
and or the determination of one partner (analyte) of an
immunological reaction in a sample of bioclogical mater-
ial, wherein the specific immunochemical reaction takes
15 place in the presence of an immune complex which does not

contain any antibodies/antigens that are specific for one
of the partners.

A preferred method is as described above, wherein the
immune complex is added to the sample before addition of
20 the detecting partner of the immunological reaction.

Preferably the addition of the immune complex takes place
within a period of less than 10 minutes before the
addition of the detecting partner. The immune complex can

also be preincubated with the detecting partner or added
25 together with it to the sample.

Another preferred method is as described above, wherein
the immune complex contains antibodies from immunized
animals that are directed against an antigen which is not

the analyte. In this context the antigen can be of human,
30 animal or vegetable origin.

Preferably the antibody : antigen ratio in the immune
complex is 1 : 0.5 - 1 : 5, very preferably about 1 : 1.
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The invention further relates to a process for the pre-
paration of the immune complexes used in the method.
Since a precipitating agent such as polyethylene glycol
(PEG) 1s normally used in the particle-boosted agglutina-
tion method, the complexes must not be precipitated by
the precipitating agent. Furthermore, they must be stable
in storage for a relatively long period of time, that is

to say as a rule at least 3 months, preferably at least
12 months.

Immune complexes within the meaning of the invention are
all immune complexes that can be obtained according to
known methods, that is by mixing solutions of the antigen
with the antibody. Instead of the complete gamma globulin
their F, fragments can also be used in each case. The
antibodies that are used can be polyclonal (antisera) or
else monoclonal. Examples which are mentioned are
complexes comprising anti-human IgG from the sheep/IgG,
anti-human IgM from the rabbit/IgM, antibody against
rabbit gamma globulin from the goat/rabbit gamma
giobulin, antibody against bovine casein from the
rabbit/casein, antibody against soya protein from the
rabbit/soya protein.

Particularly suitable are complexes comprising antibodies
against bovine gamma globulin from the rabbit/bovine
gamma globulin, anti-human IgG from the sheep/IgG and
anti-human IgG F, from the rabbit/IgG F,. Preparation is
carried out in an aqueous solution, preferably in the
presence of a polar solvent that is readily miscible with
water, such as dimethyl sulfoxide or dimethylformamide.

The complexes are preferably prepared in the presence of
a cyclic amide, pyrrolidone (y-amino-butyrolactam) being
particularly suitable. Preferably the amide is used at a
concentration of 1 to 50 percent by volume, particularly
preferably 5 to 30 percent by volume. The immune
complexes thus prepared are stable on storage in agueous
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solutions for at least 3, preferably at least 12 months.

The method according to the invention can be used for all
reactions for the detection of immunologically active
substances, which are contained in the blood (serum or
plasma) of mammals, in particular of humans, and in body

fluids (CSF). Examples of such immunologically active
substances are serum proteins.

An important characteristic of the invention is its wide-
ranging applicability.

All the latices that are suitable for the latex aggluti-
nation test can be used for the latex particles which are
loaded (sensitized) with the immunologically active
substances. Examples which may be mentioned are
homopolymers and copolymers of styrene. Preferred latices
have a particle size of 0.05 to 0.6 um. Processes for the

preparation of such particles are known to the person
skilled in the art.

One partner of an immunological reaction can be attached
to the particles by adsorption or by covalent bonding,
and in this way "loaded". The coupling of the particles
Lo an antigen or antibody can be carried out according
to methods known to the person skilled in the art. The

antibodies that are used can be both monoclonal and
polyclonal antibodies.

The loading of the abovementioned latex particles with
the antigens or antibodies can be carried out according
to a known method. Preferably the latex is loaded with
antibodies against serum proteins such as myoglobins,
beta 2-microglobulin, CRP or immunoglobulin E, human
hormones such as human choriomicgonadotropin, enzymes
such as pancreatic lipase or animal hormones such as
pregnant mare serum gonadotropin. It can then be loaded
as follows: the gamma globulins are precipitated from an
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antiserum in the usual manner, for example with ammonium
sulfate, and the gamma globulin fraction is then dialyzed
and concentrated to 30 - 50 g/1. Pure antibody solutions
can also be obtained by immunoadsorption and concentrated
to 2 - 10 g/1. A suspension of the latex particles
at a concentration of approximately 20 - 200 g/1,

preferably approximately 100 g/l1, is mixed with the
antibody solution and incubated for 0.5 - 5 hours at a

temperature of between 20 and 60°C. The portion of the
antibodies that is not bound to the latex particles can
be removed by centrifugation and resuspension of the
solid material. For use, the reagent can be resuspended
in a buffer solution, preferably glycine-NaCl buffer of
pPH 7 - 8.5, which can optionally be mixed with a protein,
for example with bovine or human albumin.

Further methods are known to the person skilled in the
art.

The analysis of the test results can be carried out
visually, or be performed by means of an apparatus, e.q.
using nephelometry or turbidimetry, or by means of
particle~counting methods known per se to the person
skilled in the art. If the analysis is being carried out
by automated means then the immune complex is metered
directly into the sample to be examined. Incubation of

the sample with the immune complex can, however, also be
carried out in a separate step.

The following examples illustrate the invention:
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Example 1:
Preparation of the immune complex

1 a) 450 ml (20 g/1) of human gamma globulin in iso-
tonic sodium chloride solution were mixed, with
vigorous stirring, with 250 ml of antiserum

against human IgG from sheep, diluted with 250 ml
of isotonic sodium chloride.

The solution was subsequently incubated for about
10 hours at +56°C and after cooling was mixed
with 50 ml of pyrrolidone. 2 g/l benzamidinium

chloride and 1 g/l sodium azide can be added as
preservatives.

1 b) 450 ml (20 g/1) of human gamma globulin in iso-

tonic sodium chloride solution were mixed, with
vigorous stirring, with 400 ml of antiserum
against human gamma globulin from rabbit, diluted
with 100 ml of isotonic sodium chloride solution.
The solution was incubated for 30 min at +56°C

and mixed with 50 ml of pyrrolidone, 2 g/l
benzamidinium chloride and 1 g/1 sodium azide.

Latex reagent, which was prepared according to the state
of the art and which contained, as specific antibodies,
antibodies against human CRP from sheep, bound to latex
particles, was employed according to the invention in the
following test. The sensitivity of the reagent was

adjusted to about 6 mg/l using a CRP standard and this
test was carried out as follows:

1 drop of undiluted human serum (50 pl) to be examined
was placed on a field of a test plate and 50 ul of immune
complex solution (prepared according to 1 a) comprising
antiserum against human IgG/human IgG were added,
followed by one drop (40 pl) of latex-CRP reagent. After
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mixing by means of a stirring rod, the test plate was
rotated and examined for agglutination after 2 min.

The following table illustrates the reliability of the
method for the determination of CRP in serum:

Serum Concentration CRP’ Latex test Invention

No. RF IU/ml mg/l according to

the state

of the art
1 708 neqg + -
2 529 3.8 + -
3 512 15.7 + +
4 555 3.8 + -
5 525 neg + -
6 425 4.7 + -
7 612 4.1 + -
8 831 4.4 + -
9 2,300 20 + +
10 < 20 10.6 + +
11 < 20 14.2 + +
12 < 20 70 + +
13 < 20 neg - -
14 < 20 neqg - -

“determined by radial immunodiffusion

The clinically interesting limit is at 6 mg/l. As the
table shows, the latex tests carried out according to the
state of the art were subject to interference by
rheumatoid factors (cf. Interference by Rheumatoid Factor
with the Detection of C-Reactive Protein by the Latex
Agglutination Method. Deyo et al., J. of Rheumatology 7,
3 (1980) 279), while all the samples were identified
correctly using the method according to the invention.
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Example 2:

1) Preparation of the immune complex

15 ml (16 g/1) of human gamma globulin in 50 ml of gly-
cine-sodium chloride solution, pH 8.2, were mixed, while
9 stirring vigorously, with 250 ml of antiserum against
human IgG from rabbit. The solution was subsequently

incubated for about 5 hrs. at +56°C and after cooling was
mixed with 5 ml of pyrrolidone.

2)
10

15

Latex-HCG reagent was diluted for the nephelometric
measurement to about 0.05 g/1 solids and treated with
ultrasound. A standard serum containing
12,500 mIU/ml was employed; the standard series was
automatically diluted 1 : 20 to 1 : 1280, in the

apparatus, i.e. concentrations of 625 to 9.8 mIU/ml
were obtained.

The sera to be determined were diluted with a phosphate-
sodium chloride buffer solution. For the measurement
50 pl of patient’s serum and 10 pxl of the immune complex
reagent (prepared from antiserum against human IgG (from
20 rabbit)/IgG were employed. The measurement was carried
out after 12 min at room temperature in a nephelometer
(e.g. Behringwerke AG). The reference curve for the

measurement of the standard serum was plotted and then
used for evaluation of the patients’ sera.
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HCG

content

208840/

at Serum

dilution (mIU/ml)

with immune complex reagent

without ic reagent

RF content 1:1 1:20 1:100 1:20
I1U/ml
1 380 < 9.8 < 195 ( 977 737
2 420 < 9.8 < 195 < 977 608
3 486 < 9.8 < 195 < 977 1,020
4 580 <9.,8 < 195 < 977 351
5 604 < 9.8 < 195 < 977 551
6 neqg. - 7,260 8,200 7,920
7 neg. ~ 16,900 18,020 17,300
8 280 18 < 195 - 326
9 496 80 < 195 - 512
10 < 18 < 9.8 < 195 < 977 < 195
11 < 18 < 9.8 < 135 < 977 < 195

The clinically interesting limit is at about 10 mIU/ml.
Sera No. 6 and No. 7 are sera from pregnant women. As is
evident from the table, sera 1 to 5, 8 and 9 show,
without addition of immune complex, a false "too high*

value for HCG, because of RF interference.

Example 3

l1. 63 ml (14 g/l1) of human IgG F_, in isotonic sodium
chloride solution were mixed, while stirring vigor-
ously, with 100 ml of anti-human IgG gamma globulin
fraction from rabbit (about 50 g/l of protein). The
solution was incubated for 2 hours at + 56°C and,

after cooling to room temperature, was mixed with

7 ml of pyrrolidone.

2. Latex-IgM reagent was diluted for a nephelometric
measurement to about 0.06 g/l solids and treated with
ultrasound. A standard serum containing 960 mg/l was

employed; a standard series was automatically diluted
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l1 ¢ 100 to 1 : 6,400, in the apparatus i.e.
concentrations of 10 to 0.16 mg/l were obtained. The
sera to be determined were diluted with a phosphate-
sodium chloride buffer solution. For the measurement
5 20 x4l of patient’s serum were mixed with 10 4l of an

immune complex reagent. In each case readings were
taken after 12 minutes.

Serum RF content IgM content (mg/1l)
IU/ml without ic with ic reagent RID
10 1 490 > 4,000 1,070 971
2 596 3,800 1,660 1709
3 660 3,470 1,570 1576
4 neg. 1,130 1,260 1152
5 neq. 499 506 535

15 " IgM concentration by the method of radial immuno-
diffusion

Sera l - 3, which are positive for rheumatoid factors,
indicate, without immune complex reagent, a false "too
high" value for IgM.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An agglutination method for the detection or the determination of one
partner (analyte) of an immunological reaction in a sample of biological
material, wherein the specific immunochemical reaction takes place in the
presence of an immune compiex which does not contain any

antibodies/antigens that are specific for one of the partners.

2. The agglutination method as claimed in claim 1, wherein the immune

complex is added to the sample before the addition of the detecting partner of

the immunological reaction.

L

3. The agglutination method as claimed in claim 1, wherein the immune

complex contains antibodies from immunized animals that are directed

against an antigen which is not the analyte.

4. The agglutination method as claimed in claim 1, wherein the antigen Is

a protein of human, animal or vegetable origin.

9. The agglutination method as claimed in claim 1, wherein the motar ratio

of antibody:antigen in the immune complex is 1:0.5 - 1:5.

6. The agglutination method as claimed in claim 1, wherein the immune

complex is prepared in an aqueous solution.

7. The agglutination method as claimed in claim 1, wherein up to 50% by

volume of a cyclic amide is added to the immune complex.
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