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Description

The present invention relates to reagents which
can be used for the diagnosis of type B viral hepatitis,
to a process for the préparation of these reagents and to
a procesé for u§ing these reagents for carrying out the
quantitative determination, with very high sensitivity,
of the antigen characteristfc of hepatitis B virus in
human serum,

Viral hebatitis-is a very'cdmmdn, transmissible
infectious disease which is caused by a virus and which is
usually characterized by necrosis and inflammation of the
livér, frequently accompanied by jaundice. .ALthough this
disease is generally benign, almosf 1%Z of cases are fatal
and about 5% of cases Lead.to prolonged or chronic forms.
A_distinction is drawn between type A hepatitis, whose

virus is mainly transmitted oraltly (food, drink), type B

hepatitis, whose virus is most frequently transmitted

parénterally, and, finally, other forms of hepatitis
(neither A nor B). As regards type B hepatitis, the sub-
jects most Likely to contract the disease éfe those under~
going blood transfusions or hemodialysis, médicaL and para-
medical peréonnel and personnel at blood transfusion cen~-
ters. ALlL blood donoré are therefore systematically
screened for hepatitfs B virus becaﬁse it is known.that

the virus can persist for a long time in the blood of

-apparéntLy healthy subjects.

The observed correlation between the increase in
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sensitivity of the screen techniques and the reduction_in
the fﬁequency of bost-transfusional,hepatitis argues very
strongly in favor of making available reagents and deter-
mination techniﬁues of high sensitivity which are eésy to
carry out, have a_rapid'response time and are jinexpensive.

Attention should also be drawn to the correlation
which exists, in.particuLar in certain African popula-
tions, between the presence of hepatitis B virus in the
blood and the appearance of primitive liver cancers. This
observation also argues in favor of creatfng the possi=-
bility of mass diagnosiS'in'these'populations.

The surface'antigen of hepatitis B virus, which
is called HBg antigen or Ausfratia antigen, is generally
recognized as the most important marker of the virus, and
it is this antigen which it is sought to determine in the
blood. The currently availéble methods for.achieving the
required sensitivity - the detection threshold must be

below 1 nanogram per milliliter of serum - are all of the

' radioimmunological type and, in particular, have the

folewing disadvantages assocjated with the handling of
radioactive.substances: spécialized and expensive equip-
ment, possible contamination brobLems (detrimental to the
quality of the result and the safety of the personnel),
the obligation to have personnel who are HighLy qualified
and monitoréd froﬁ the medicaL and radiotoXiﬁoLOgical
points of_view, Legally imposed constraints regarding the
fitting out of_the premises and safety, the limited shelf
Life of the reagents, and so_én. |

The reagents ahd processes to which'thé present
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invention'relates are radically different in nature since
fhey do not involve any handling of radiocactive substances
by the user and therefore avoid all the abovementioned
disadvantages. The principle chosen for these determina-
tions ié-that of very high sénsitivity nephelometry on a
microparticulate support.

Nephelometry is a physical method very widely
known in analytiéal chemistry. When the same principle is
applied to the quanfification of antigen/antibody reac-
tions, it is then called immunonephelometry. It has been
employed mainly for the specific determination of proteins

in serum by measuring the intensity of the Light scattered

by the insoluble immune complexes formed between each of

these proteins and a corresponding immunoserum. The

improvements in equipmént, in particular by the use of

laser Llight sources, has made it possible to achieve sensi~

tivities of the order of a microgram of protein'to be
determined per mlL of biological Lliquid.

Instruments of this type are now widespread in

Laboratories, but the sensitivity thereby achieved is still

very inadequate for the.determinafion of HB antigen.

As early as 1976, BONNEFOY and GRANGE (C.R. Acad.
Sc. Paris D 283, 1976, 115-118) proposed imprqv{ng the
perfofmance-chafacteristics of immunonephelometry'by the
use of polystyrene hicrospheres carrying one of the com~

ponents of the antigen/antibody reaction to be studied.

. This modification introduces the principle of using micro~

particulate supports in_immunonepheLometry.

Similar studies have formed the subject of
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publications (see; in particular, J. Immunol. Methods 13,
1977, 214-224; ibid 33, 1980, 159=173; Immunochemistry
11;'1976, 955-962 and 963-966; Molec. Immunol. 17, 1980,
81-92) aﬁd of patents (in particular the patent filed in
France in the name of INSERM (inventor G.A. QUASH) of
06/03/79). These techniques preferably employ polystyrene
microspheres to which the component approﬁriate to the
antigen/antibody reaction to be studied is fixed (by ad-
sorption or by covalent bonding).

The herformance characteristics have been further
improved by the use of microparticulate supports of hydro-
philic character, in contrast to the previous supports
which were hydrophobic and exhibited instability through
self-agglutination and slow sedimentation and‘risks
associated especially with non-speﬁific adsorptions.
These new hydrophilic microparticulate suppdrfs have been
described and patented, in particular, by REMBAUM and co-
workers (REMBAUM et al. Macromolecules 9 (2), 1976, 328-
336; REMBAUM et aL._J. Macromol. Sci. Chem. A 13 (5),

1979, 603-632; French Patent No0.2,258,406 of 17th January
1975; U.s. Patents No.4,138,383 of 6th February 1979 and
No.4,206(094 of 3rd January 1980), but these were for bio-
medical purposes not related.to immunonephelometry or to
the determination of HBs'antigen. Supports of the same
type have also been used by DUHEILLE and coworkers
(MONTAGNE et al. Laser Behring Study Group, September

1979; MONTAGNE et al. 4th International Immunology Con-

gress - Paris 21st=26th July 1980) for the ihmunonephelo—

metric determination of circulating immune complexes.
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However, no technique of this type has ever been applied
to the determination of HBs.antigen.

Pursuing its studies on the formation of the
nephelometric signal as a function of the size, number
and characte;istics-of the dispersing particles, the .
Applicant Company has discovered the great advantage of
new microparticulate supports which behave as noteworthy
iﬁdicators and amplifiers'of the nephelometric signal. It
is these supports and their application to the determina-
tion of HBg antigens which form the subject of the present
invention. These.neu supports have the'following charac-
teristics and advantages:

They are polyfunctional hydrophilic spherical
microparticles with an electric charge which can be varied
in a controlled manner, and with a size which is very uni-
form and can be perfectly EontroLLed within the average
diameter range from about 10 nanometers to about 10 micro~
meters.

Such characteristics, which are outstandingly

favorable for the desired purpose and which, as a whole,

are not pdssessed by any of the supporté described pre-

viously, are a consequence of the chemical nature of these

particles, which result from the copoLymerization, carried

out in a strictly aqueous medium, of at least three water-

soluble acrylic monomers in the presence of a crosslinking
agent and a surface-active agent, which are themselves
also water-soluble.

ALl the characteristics of these particles, namely

&

Ne, o’

geometric characteristics (average size and size distribution
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aréﬁnd the averagé), pﬁysical chéracteristics (hydro-
philicity and density of surface electrical charges) and
chemical characteristics (chemical functional groups pre-~

sent on the surface), are entirely governed by the choice

-of the nature of the constituents of the reaction medium,

their relative proportions.and the conditions under which
the copolymerization takes place.

The acrylic monomers used are chosen from
amongst the substances defined below:

1) An acrylic éldehyde of the general formula:

Rn
!

in which R4 is hydrogen or a lower alky]l group with 1-4

carbon atoms. This monomer represents at least 5% by weight

of all the monomers, but most frequently between 40 and 609%,
It provides aldehyde groups which will be preserved

during the polymerization and will be present and accessible

on the surface of the microspheres obtained, thus making

it possible to simplify'énd:diversify the procedures for

the coupling, by covalent bbnding, of proteins or glyco-

proteins, or of other appropriate natural or semi-synthetic

macromolecules or molecules on the surface of the-micro—

spheres,

2) Another acrylic derivative of the general
formula - |
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in which R2 is chosen from amongst hydrogen and the lower
alkyl group with 1-4 carbon atoms,.R3 is a lower hydroxy-
alkyl group.

- This monomer rebresents from at least 5% by
weight of all the monomers and most frequently between
40 and 70%.'It.provides a large number of hydroxyl groups
which give the microspheres their hydrophilicity and
makes them perfectly wettable by aqueous solvent, this
also contributing to the stability of the reagent.

3) Less than 15% by weight of all the monomers

of at least an acrylic derivative chosen from amongst
the derivatives of the general formula

' R
. e
a) CH, = Q\\\

CQ0R3

in which R, is hydrogen or a lower alkyl group with 1-4
carbon atoms, R3 is hydrogen.

This monomer provides the microspheres with
carboxyl groups whose anionic character, at physiological
pH, is essential to the regulation of the surface electri-
cal charge of the microsphereé and hence to the
stability of the reagent in suspension. A1l or some of
these carboxyl groups can also be used as chemical
functional groups available for effecting the covalent
cbup1ing of the molecules to be fixed to the microspheres,

in accordance with the conventional chemical techniques
and of general formula :
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in which R2 has the samé meaning as above and COOR#
represents a group of the structure

Rg

Rg

fin which R4, R5 and R6 are identical or different lower

alkyl groups (of 1-4 carbon atoms).
, This monomer provides the microspheres with
tertiary amine groups whose cationic character, at

physiological pH, contributes to the regulation of the

surface electrical charge of the microspheres and hence
to the stability of the reagent in suspension.
_ The products according to the invention will
therefore be obtained from at least three monomers, namely
the monomers 1), 2) and at least one of the monomers 3),
in other words, the amounts a) and b) used cannot simul-
taneously be zero.

It is thus obvious that, by carefully choosing
the proportion of the monomers belonging to the classes

"a), b) and 2) defined above, both the hydrophilicity and

the net electrical charge of the microspheres are regulated
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ffrequent1y between 0.5 _and 5%. The chésen proportion of cross- '
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exaetLy as desired. This regulation is essential to enable
the reagent to achieve the maximum sensitivity of the
determination. In fact, the sensitivity of the determina-
tion will be a maximum if the electrical charge of the
micrespheres is regulated in such a way that the electro~
static repulsions betwWween spheres are just strong enough
to prevent self-aggregation, but weak enough to allow the
specific agglutination of two spheres by the minimum
antigen/antiboey reaction. The same conditions also favor
acceleration of the specific agglutination reactions, and
this represents a very favorable factor when carryfng aut
the determination in practice.

Finally, it must be noted that the absence of any

hydrophobic monomer makes it possible to obtain a homo-

geneous aqueous reaction médium which favors the greatest

unjformity in the initiation and subsequent course of the
polymerization, resulting in an excellent homogeneity'in
the size.of the spheres formed, irrespective of the
average size uhich.it is desired to obtain.

4 = In addition to the-acrylic monomers described
above, the polymerization medium contains a crosslinking
agent for forming the bridges between Linear chains of
acrylic polymers and thus providing the cohesiqn.of the

three=~dimensional copolymer network. This crosslinking

‘agent chékacterized in that it is a wateér-soluble unconjugatea
‘diene, in particular N,N'-methylene-bis-acrylamide, and re-

presents from 0.1 to 10% by we1ght of all the manomers and most
i

i
I
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agent aLso serves to éontroL the porosity of the micro~
spheres obtained. '

S - FinaLLy, the polymerization medium contains a
surface-active agent which ¢an be of ijonic type - in par=~
ticular sodium dodecyl-sulfate - or of non-ionic type. It
is used at a concentration of between 0.01% and 5% by
weight of the total reaction medium and its main function
is to regulate the modes of growth of the spheres during
the polymerization, ana hence fhe final size of the micro~-
spheres obtaiﬁed.

6 - In the course of our surveys, it was recognized
that the final size-of the microspheres obtained could be
most favorably regulated by varying on the one hand the
surface-active agent concentration and on the other.hand
the final ;oncentration of total monomer mixture in the
polymerization reaction medfum.. ALL other things béing
equal, the diameter of the microspheres obtained is the
greater the lower the surface—-active agent concentration
and the higher the total monomer concentration. The total
monomer concentration in the reaction medium can be chosen
between 4 and 16%Z by weight.

7 - when_the chosen monomers, the crosslinking
agent and the'sdrface-active.agent have been mixed under
conditions making it possible to obtain microspherés having
the desired charaCteristicﬁ, this reaption medium is
divided up_into borosiLicate.gLass ampoules of appropriate
sfze, which are then sealed in vacuo. These ampoules are
figed to a shaker of the recibrocating or rotary type and

the whole is placed in the irradiation chamber of a cobalt
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60 bomb. The irradiation which causes the polymerization
reaction is carried.out_at a rate of 0.01 to 0.5 megarad
per hour and per cm® of reaction medium for a period which
is never less than 15 minutes and can be as much as 10
hours. |

Our studies have also shown that, at a constant
radiation dose, fhe size of the beads is greater if the
flux is Lowef and the irradiation period correspondingly
(onger.

| After-irradiation, the ampoules are opened and

the reaction medium is diluted in an equal volume of a
reducing aqueous solution (in particular ‘a solution con-
taining 1 g/liter of hydroquinone) in order on the one
hand to stop the polymerization reactions and on the other
hand to prevent oxidation of the aldehyde groups present
on the microspheres. The pfeparations obtained.are then
perfectly stable and are kept at 4°C under these condi-
tians for subsequent use. fhe microspheres obtainéd.can
be eiaﬁined and checked by electron microscopy, which
makes it possible to determine both the average s{ze and
fhe size distribution around this average. Under the con-
ditions employed, the standard dev{ation of the siies for
a given preparafion is always less than a tenth of the
éverage.

In order to be used for the dete;mination of HB ¢

antigen, the microspheres obtained must also have been

chemicaLty.coupLed beforehand with the antibodies which

are directed against the HB antigen and which will

cause the specific agglutination reaction on which the
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formation of the nepheLométric signal is'based; The anti-
bodies which can be used according to the invention are:
- either polyclonal and isolated by the known
techniques from specific immune sera obtained from animals
after immunization with purified HBg antigen,

= or monoclonal and purified by the known methods

-after production from hybrid cells (hybridomas) resulting

from the fusion of pLasmocytes of animals immunized ag-
ainst HBg antigens, and from myeloma cells possessing
the appropriéte characferistics..

The antibodies which can be uséd can also result
from mixtures of severaL'immunogLobuLins specific to HBg
antigen, so as not to allow any rare variant of the anti-
gen to escape the determination.

Iﬁ order to couple the anfi-HBs antibodies with
the chosen microspheres, the suspension of microspheres
is dialyzed beforehand to remove the excess reagents and
is then adjusted to a known concentration of between 1
and 50 mg of particles per mlL (concentration determined

by dry weight) in an isotonic buffered medium and treated

with a solution of the antibody in the same solvent. The

‘coupling takes place spontaneously in a few hours at am-

bient temperature by reaction of the amino groups of the
protein with the aldehyde groups carried by the micro~
spheres, to form imine Linkages;

After the reaction has Eeached the required degree

of completion (between 1 and 30 hours), the excess alde~

'hyde groups are blocked by reaction with an excess of a

primary amine, preferably é primary hydroxyamine, such as
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ethanolamine,: in whiqh the hydfoxyt groups also contribute
to the hydrophilicity of the particles coated in this way.
This step is carried out by incubation at ambient tempera-
ture for a further 1 to 10 hours.

Alternatively, the step for blocking the excess
aldehyde groups can be repLaced by a reduction step using
a metal hydride, in particular sodium borohydride. This
treatment causes the reduction of the imine groups to sec~
ondary amine groups, which stabilizes the fixing of the
antibody to fhe microsphereg, and. at the same time re-
duces the aldehyde groups to alcohol groups, which, as
above,-favors the hydrophilicity of the particles.

The suspension of the microspheres thus obtained
is then purified.by centrifugation in the presence of an
appropriaté density gradient (fof example a_sucrose'gradi“
ent of 10 to 60%). The layer containing the particles is
recovered and finally dialyzed against an isotonic buffer.

This typé of preparation of immunospheres {(micro-
spheres carrying a specific antibody) can be used directly
for the nephelometric aetermination of HB¢ antigen fn any
human biological Liquid,.in particular serum or plasnma,
which may have béen suitably diluted. The'procedure is
that which is conventionally employed, where, after the
antigen/antibody reaction has taken place, the nephelo-
metric signaL given by the dish containihg-the unknown
sample is compared with a standardizétion curve produced oy
measuring the signals obtained in the presence of known
amounts 6f the standard antigen., .

ALL the technical facilities offered by modern
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laser nephelometers, such as the automatic subtraction of
a blank, the possibilities of carrying out kineti¢c measure-
ments or end §oint measurements, automation, miniaturiza~
tion, incorporatéd computers, electronic signal prdcessing,
and the Llike, can of course be utilized in order fo_obtaﬁn
results of thé best possible quality in the particular
application forming the subject of this invention. More-
over, and taking account of the fact that instruments of
different makes do n¢t have identical characteristics and
facilities, it is possible to take advantage of the very
great flexibility offered by the process forming.the sub-
ject of the present. invention, in'order to optimize the
preparation of the reagents and adapt them to each type
of equipment so as to ensure the maximum performance
characteriétics.

The examples which follow provide a clearer under-
standing of tﬁe invention without Limiting its scope,
Example 1 |
Preparation of microspheres with average diameters of 50,
110 or 190 nanometers: |

ALl the reagents used are obtained commercially
and are carefuLLy'redistiLLed just before use. The gene-
ral procedure employed is as follows: borosilicate glass
sealing ampoules with a diameter of 35 mm and a tofal capa-
city of 150 mlL are prepared and the desired amounts of
each of the monomers, the crosslinking agent, the surface-
active ageﬁt and water, degaésed.in vacuo beforehand, are
introduced inté each ampoule so as -to give, in every case,

100 mlL of media h;ving the respective compositions given
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Throughout the irradiation, the ampoules are.fixed fo a shaker
with a plate rotating at 20 rpm and are arranged so as to
ensure the greatest'homogeneity of irradiation. Dosi-
meters arranged in the irradiation chamber make it poss~
5. ible to check the radiation doses. After polymerization,
the ampoules are opened and their contents poured into an
g~/ | equal volume of an aqueous solution containing 1 g/liter
of hydroquinohg. The preparations are simply kept under
these conditions in a well-stoppered vessel and at 4°cC
10 '

until they are used. The diameter of the microspheres is

determined on prepabations examined by electron micro-

scopy.
TABLE 1
Size of the microspheres (nm) | 50 110 190
15 ' : Composition of the reac—
_ | tion media (% by weight
~ of the total monomers)
Acrolein 45.1 | 47.0 47.0 ’
Hydroxyethyl methacrylate 151.3 49 .7 50.7 .
20' Methacrylic acid ! 2.3 | 2.0 | 1.0
_j N,N*~-Methylene~bis-acrylamide ? 1.3 1.3

1.3

—m e e ————

" Total monomers (% of the total : '

volume of the medium) . 7.4 ° 8.0 12.0
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TABLE 1 (continued)

Size of the m%crospheres(nm) 50 110 190

I'4

Composition of the reac-

tion media (% by weight !

of the total monomers)

Sodium dodecyl—-sulfate

(g/liter of final medium) 0.60 0.60 0.90

Radiation flux

(krad.mt~T.min~™ 1 8.9 9.3 | 1.1
Irradiation time Chours) 1.5 i 1.5 1.5
] . M
Example 2

Coupling of the anti-HB, monoclonal antibodies with the
mjcrospheres of diameter 50 nm:
a) Monoclonal antfbodies:

The pfeparation of monoclonal antibodies used in
this experiment consists of a mixture of ant;i-HBs mono-
clonal mo&se immunogLobuLins.(of class G and sub-classes
1, 2a and 2b), purified on a column of Staphylococcus pro-
tein A immobilized on Sepharose, from the ascitic fluids of
mice in which five different hybridomas producing mono-

clonal antibodies specific to HBga antigen had been re-

'spectively implanted (in the peritoneum).

b)Y Coupling:

The suspension of microspherés of diameter 50 nm
prepared as indicated in Example 1 is first rendered iso-
tonic by the addition of sodium chloride to a final con=~
centration'of 140 mM and_is_;hen exhaustively diﬁlyzed
against an isotonic buffgr (PBS) consisting of 10 mM phos~

phate buffer containing sodium chloride at a concentration
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of 140 mM.and adjusted to pH 7.2. This buffer is care-
fully degassea before use. An aliquot of the suspensfon
obtained'is also dialyzed against pure water in order to
determfne the concentration, by dry weight, of microspheres
in the suspension.

For the coﬁpling, aﬁ aliquot of suspension of
microspheres in the P8BS buffer, containing 11 mg of part-
icles, is added to an aliquét of anti-HB; antibody solu-
tion containing 10 mole of immunoglobulins in the same
buffer, and the total VoLume.is made up to 1 mL with PBS
buffer, After 18 hours at ambient temperature, with very
Qentle shaking, 200 microliters of a 0.2 M ethanolamine
solution adjusted to pH 7.2 with hydrochloric acid are
added and the medium is kept under the same conditions for
a further é hours.

The reaction medium is pLa;ed in a centrifuge tube
cohtaining a preformed sucfose gradient of 10 to 60%
(weight per volume) and the tube is centrifuged for 2
hours at 49¢ and at 20,000 rpm. The layer containing
the microspheres is removed and the microspheres are dia—-

lyzed against 3 times 1 liter of PBS buffer.

.Examgle 3

Use of the anti-HBs immunospheres for the nepheLomefric
determination of HBg antigen. |
a)'Equipment used:

For thg'experﬁmenté described,'the equipment used
js the PD@ HYLAND lase;.nephelometer equipped with an
He/Ne laser having a power of 0.5 mW at 632.8 nm and meas-

uring the light 5ntensity'at an angle of observation cof
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31.89 relative to the axis of the incident beam. The
dishes make it possible to work with a total volume of
1 ml.
b) Generét conditions of the testé:

| In all cases, the total volume of medium in the
dish is 1 ml. The-immunospheres obtained as indicated in
Example 2 are introduced in the form of 100 microliters
of an appropriate dilution of the mother suspension, which
are finally added to the miﬁture prepared in the dish and
containing the sample to be examined, suitably diluted in
PBS buffer containing 1 g/liter of bovine serum albumin
aqd 1 g/liter of Tween 80 and made up to ; total volume

of 900 microliters with the same diluent. Tﬁe specific

~agglutination reaction generating the nephelometric sig-

nal starts when the immunospheres are added and can be
followed with time (kinetic observation) or measured at a
set time. Unless indicated‘otherwise, the measurement is
made 1 hour after the specific immunospheres have been
brought into contact with the antigen in the dish. The
experiment showed that the essential part of the specific

nephelometric signal has been obtained after this time

‘and that extension of the time to 8 or 16 hours does not

bring any substantial practical advantage.' ALl the re-
sults presented below are givenlafter-subtraction of the
blanks corresponding to each test, and therefore repre-
sent thé specific-signatlof the reaction evaluated.
c) SampLes.used:_

- a reference human serum containing 31 micro-

grams of HGS anfigen per milliliter,
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- a positive human serum originating from a hos-

pital, conta{ning about 5 micrograms pef ml,
d) Studies carried out:
10 Stability of the suspensions of immunospheres:

The signals corresponding to four different sus-
pensions of anti-Hés immunospheres by themselves (with-
out antigen), having concentrations of between 3.5 and
28 Fg/ml, were measured repeatedly over a pefiod of 96 -
hours, without shaking the contents of the dishes. These
signals proved to be of excellent stability sincé the ex~-
treme values observed never deviate by more than 2% from
the average value for the most concentrated suspension
and by more than 7% for the most dilute suspension. This
result shows the.extreme stability of the suspensions of
immunosphéres under the practical conditions_of their use
and for periods incomparably longer than those which are
necessary for the anaLyticéL applications.
2° standardization of the determination:

2=1=- 1f the concentration of the immunospheres
is fixed at 7 micrograms per milliliter, a standardization
range drawn up using dilutions of the standard serum shows
that the specific nephelometric SigﬁéL makes it reasonable
to explore an extremely vast range of'antiéen HBs concen=
trations since this range extends from about 0.15 ng/ml
up to almost 80 ng/ml. :This standardization curve is shown

in Figure 1, in which the scattered Light intensity has

‘been plotted on the ordinate (in arbitrary units) and the

antigen HB¢ concentration has been plotted on the abscissa

in hanograms per milliliter,
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This characteristic is of great practical value
inasmuch as {t prevents the usér from hﬁving to prepare
a Lérge number of dilutions of an unknown sample in order
to obtain a measurement withjn the usable part of the
standardization range.

2=2=- If the concentration of the immunospheres is

lowered to 1.4 micrograms per milliliter, a similar stan-

dardization curve shows that the Limiting sensitivity can

easily be Llowered to an antigen concentration of the order
of 0.1 ngfml or even less. This standardization curve is
shown in Figure 2, in which the scattereq Light intensity
has been plotted on the ordinaté.(in arbitrary.units) and
the HBg antigen concentration has been plotted on the
abscissa in nanograms per milliliter, This result is ex-
tremely iﬁportant since it shows that the perfected method
makes it possible to achjeve Limiting sensitivities at
least as high as those of the best radioimmunological de=-
terminations currently available, without having any of
the disadvantages associated with the handling of radio~
active substances.

30 specificity checks:

If, under condition§ ijdentical to those in para-
graph 2=1, the antigen solutions are incubated for'24
hours with free antibody (not coupled with the immuno-
spheres) at a final concentration of 70 micrégrams/miLLi"
Liter, no signal distinguishabte from the reagent blank
appears.' This shows fhat, when it is not coupled with
the immunospheres, the specific antibody is_incapabte of

cauéing the appearance of a specific nephelometric signal,
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even at high concentration.

If thé specific immunoﬁpheres aré then introduced
into the same disﬁes, again no specific signal is seen to
appear. This shows that the antigen present has dindeed
been neutralized by the excess free antibody in the first
step and is therefore no longer available to cause the
specific agglutination of the immunospheres in the second
step. This resth demonstrates the specificity of the
immunospheres used in relation to recognition of the HB4
antigen.,
4° Determination of an unknown serum:

4=1- To permit a realistic evaLuation of the abil-
ity of the reagents forming the subject of the present
invention to provide a high degree of flexibility when
used in thé determination of HB¢ antigen in sera of un-
known strength, a human serum originating from a hospital

was employed. A series of 14 dilutions of this serum were

prepared, in a geometric progression with a factor 2, and

aliquots of all these dilutions were reacted with the im-
munospheres under the conditions described in paragraph

2=-1. The curves in Figure 3 show that the specific nephe~

lometric signal of'aLL.these diLutions is easily measur~

able, provided that the appropriate sensitivity range of
the instrument is seLécted, up to extremely high dilutions
of starting serum, since the signaL_is still significant
for a dilution of 1/190,006. This observation shows that,
in practicé, with a maximum of S dilutions, an unknown
serum can be determined in a singie step, the duration of

which is not more than one hour, whatever its concentra-
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tion within the range betweeh 1 ng/ml and 10 Pg/ml.

In thfs Figure No. 3, the light fntensity has heen
plotted on the 6rdinate in arbitrary units ahd the dilu-
tion of the serum has been plotted on the abscissa.. The
measurements were made with immunospheres at a concenpra-
tion of 7 mg/mti an& with three different sensitivities of
the instrument.

4-2- In the actual case of the seruh used,ICOmb
parison of the signals obtained for the dilutions best
located within the measuring range, with the standardi-
zation curve of Figure 1, lLeads to an average value of
the strength of the serum of 5.9 mg of HBg antigen per ml,
the extreme values observed over 6 measuremehts, simply
by way of exampLé, at different dilutions, being 5.3 and
6.4, This-precision is excellent for determinations of
this fype.

S° Repeatability of tﬁe results:

Under conditions analogous to thosefindicated
above, if the signals given.10 by dishes which are inde-
pendent but of identical composition are'measured for two
different dilutions of serum and over the corresponding
_sensitivity ranges, statistical analysis of the values

obtained leads to the following results:

1st dilution | 2nd dilution
. (1740 (1751203
Number of measurements | 10 10
‘Average signal (arbitrary units)' 52.2 | 69.5
Standard deviation é 2.?2 f | 4.36

Coefficient of variation (%) ' 5.2 5 6.3
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These results confirm the excellent repeatability
of the determination as a whole, including, in particular,
the agglutination reaction of the specific immunospheres
by the antigen to be determined.

These various tests demonstrate the characterﬁs—
tics and advantageé of the method for the determination
of HBg antigen using the reagepts and processes forming

the subject of the present invention. In particular, they

. demonstrate:

- the very great sensitivity of the determination,
which reaches detection thresholds at lLeast as low és
those of the best methods currently avaiLéELe for this
determination (of the order of 0.1 ng of antigen per ml);

~ the hiéh specificity provided by choosing mono~
clonal antibodies which are strictly specific for the
antigen to be determined;

= the ease of.carrying out the determination.as
a whole, whose operations are limited to a few micropip-
etting operations which can be carried out eiiher by hand
or in.an entirely automated manner, as desired;

‘- the very good keeping properties of fhe reagents,
which have a shelf Life of months (and probably years)
at 4°c;

' ~ the low cost price of each determination, which
doeé'nbt requirelhighly gqualified personnéL and which anly
consumes extremely small amounté of reagents (from a few
microgram§ to a few fen; Qf micrograms of immuhpspheres

per test, depending on the instruments used);
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-,thé possibility of adapting the technique to all.
commercial Laser nephetometers.which are commonplace in
Laboratories, without significant loss of overall perfor-
mance characteristics;

- the shor; response time of the analytical mani-
pulation as a whole, since the lLongest step is that re-
quired by the reaction of the antigen with the antibody,
which cannot exceed one hour;

= the versatility of 'the method: in fact, the ex~
amﬁLes described relate only to the direct determination
of the antigen by agglutination of the immunospheres car-
rying the specific antibody. In accordance with a com~-
pletely anaLogous principle, it is equally possible to
couple the purified antigen with the microspheres. In
that case,-if.micrdspheres carrying the antigen are intro-
duced into the measuring dishes in a constant amount, and
specific antibody'is introduced, also in a constant amount,
in order to ensure the specifib'agglutination generating
the nephelometric signal, the resulting system is one in

which any introduction of free antigen in the form of an

appropriately diluted aliquot of a serum to be determined

(or of a standard serum) will cause a measurable inhibi-
tioﬁ of the base signal, which makes it possible to carry
out a quantitative determination by inhibition.

The reageht kits which will be marketed for appli=-
cation of the present_inveﬁtion will comprise the follow-
ing in particular:

a) for the direct measurement of the antigen:

The specific reagent in the form of immunospheres
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carrying the specific anti-HB  antibody, which may be
polyclonal o} may consist of 6ne or moré monoclonal im~
munoglobuL{né, either whole or in the form of fragments
uhich‘have retained the ability to recoghize the antigen.
This reagent Wwill be presented either in solution to be
diluted, if appropriate, before use, or as a lyophilizate
to be reconstituted before use in a solvent indicated to
the user or delivered in the kit, it also being possible
for all these preparations to contain additives such as
preservatives and stabilizers._

b) for the measurement of the antigen by inhibition:

Two specific reagents which are:

- microspheres carrying the specific antigen and
presented under Eonditions similar to those described for
the speci%ic immunospheres in case a) above, gnd |

- an agent capable of causing the agglutination,
such as any suitabté preparation containing a total anti-

HB

¢ antiserum or specific polyclonal or monoclonal

anti-HBg4 immunoglobulins, purified or not purified and
whole or in the form of fragments having the abiLity to
recognize the specific antigen aﬁd to agglutinate the
microspheres carrying the specific antigen. This agent
will be presented either in buffered or non-buffered solu-
tion to be diluted, if appropriate, before use, or in the
form of a [yophilizate to be reconstituted in a8 solvent
indicated to the user or delivered in the kit, it also
being possible for this preparation to contain additives
such as preservatives and stabilizers.

In additjon, whatever the method of determination
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adopted, the kit may comprise_common'reagents, which will
be the foLLowﬁng in particﬁlar:
| - a'diluent,

- a standard preparation of HB antigen,

- control preparations, such as, for example, con-
trol sera of Llow, ﬁedium and high éoncentration relative
to the size of the normal determination range,

- a negative control serum guaranteed free of HB
antigen,

These common reagents will be presented either in
buffered or non-buffered solution to be diluted, if appro-
pyiatg, before use, or in the form of LyoéhiLizates to be
reconstituted in a solvent indicated to the user or de-
livered in the kft. These preparations may also contain
additives such as preservatives, stabilizers, surface-
active agents and dispersing agents, it being possible,
if appropriate, qu all these additives to be macromole-

cular (and in particular of the protein type).
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