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Reazent for the detection of Staphylococcus sureus by agnlutiaation,

The present invention relates Lo a reageat for the detection

of Staphvlogoccus aurens by angletinntion,

Various presgents are already 'mown for the detection of
-

Staphylococcus aureus. These reagents are based on the search for

of Stavhylococcus or the affinity factor for

-

eitner protein .
(ibrinoyen, or both simultaneocusly.

Protein A is an antisen of nrotein nature, an external
corponent of the wall of the majority of the strains of Staphylo-

coccus aureus of human origin {35 to 85%;. %y a non-immunological

process, protein A binds the Fe fragment of the immunoglobulins,
leaving the Fab part free.
If strains of Staphylococcus aureus possessing protein

A and sheep red blood cells or latex particles sensitized, for

example, with rabbit anti-sheep red blood cells serum are placed

together, an agglutination visible to the naked eye is observed within

a few minutes,
The affinity factor for fibrinogen which is attached to

the surface of Staphylococcus aureus reacts directly with fibrinogen.

This affinity factor for fibrinogen can be determined within a few
seconds by placing in contact the strain under study and sheep red
blood cells {passive hemagglutination)} or latex particles, one or
other being coated with fibrinogen.

Various published studies show that a certain number of

strains of Stavhvlococcus aureus are not identified by these reagents.

Their percentage varies from 1 to 5% when these studies are carried

out on all of the Staphylococci aureus isolated. But this percentage

of failure is larger when only the streains resistant to oxacillin
{or meticillin} are taken into consideration and this percentage
attains 25% in a recent study carried out with 73 strains of

Staphylococcus aureus resistant to oxacillin (see P.J. Ruane et al

.3

J. Clin. Hicrobiol. 24, 450, 1986). . e
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In a stuwly carried out under the direction of one of the

inventors on 183 strains of Staphylococcus aureus isolated from patients

-

in 5 hospitals in Paris and the Paris region, it has been found that

strains {43} are not 1w11uthated by any of the three reasents used

(Staphyslide | otaﬁhaurex and Pastorex

~J

Staph). If only the 50

strains resislant to oxacillin are considered, it is found that &

strains (12%; are falsely negative with the commercial reagents. llence,

these results are in agreement with those described in the literature.
Two hypotheses may be envisazed to explain the fact that

some strains of Staphylococcus aureus are not agszlutinated by the

comnercial reagents:

1} These strains produce protein A in an amount too small
for there to be a reaction between this protein and the latex particles
adequate to lead to bacterial agglutination.

23 Protein A is produced in normal amounts, but this antigen
as well as the affinity factor for fibrinogen are masked by one or
more other antigens and are thus inaccessible to the latex particles,

iIn a study carried out under the direction of one of the
inventors, it has been shown that the strains non-agglutinated by the
latex particles produce as much protein A as the other strains. This
result thus makes it possible to eliminate the first hypothesis. It
was then shown, by determining the capsular polysaccharide by means
of an immunoenzymatic reaction utilizing monoclonal antibodies, that
all of the strains non-agglutinated by the latex particles sensitized
by fibrinogen and against protein A possess the capsular polysaccharide.
Finally, the antigens exposed at the surface of the staphylococcus
and, consequently, capable of reacting with the latex particles were
studied by immunofluorescence.  This study focused, on the one hand,
on protein A {by utilizing the Fec fragment of human immunoglobulin
and pepsinized F(ab')z fragments of anti-human Fc sheep immunoglobulins
labelled with fluorescein} and, on the other, on the capsular

polysaccharide {by utilizing mouse monoclonal antibodies of the
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P isotyne specific for the capsular polysaccharide and [ ab'}2 franments
of enti-mouse ! imsunoglobulin goat immunoglobulins labelled with
rhodamine}, This study clearly showed that protein & is not exposeil
or then only in very small amount at the surface of the bacteria which
are not agslutinated by the latex, and that thz surface of these
bacteria is, on W3 other hand, totally masked by the capsular poly-
saccharide. As a control, it was verified that the strains which are
agglutinated by the latex particles do indeed display protein A at
their surface,

Thus, this study shows that the capsular polysaccharide

synthesized by some strains of Staphvlococcus aureus masiks all of the

bacterium, masks the antigens capable of being recognized by the
conmercial reagents and thus prevents the identification of these

strains as belonging to the Staphylococcus aureus species by the fact

of their agglutination by the commercial reagents.
The result of this study and, in particular the fact that

the strains of Staphylococcus aureus which do not exhibit protein A

at the surface are capsulated strains, the capsular polysaccharides
of which mask the protein A has made it possible to design a reagent

for the detection of the strains of Staphylococcus aureus which

possesses a greater reliability than the known reagents,
A subject of the present invention is thus a reagent for

the detection by agglutination of Staphylococcus aureus of the type

comprising particles in suspension to which are bound fibrinogen and
antibodies recognized by affinity by the protein A of staphylococcus,
characterized in that it contains particles in suspension to which
are bound at least one antibody recognizing specifically a capsular

polysaccharide of Staphylococcus aureus.

Another subject of tﬁe present invention is a procedure for

the detection by agglutination of Staphylococcus aureus in a sample,

which consists of mixing the sample with a reagent according to the

invention and of observing whether an agglutination occurs,

This Sheet Has Beep: R

i



(9]

15

20

25

30

0597059 PCT/FRE5; 00637

G

rd
(o]
o

At present 11 types of capsular polysaccharides have been
identifie¢ by essentially imnmunological rethods. See in this connection:

Y, %, Xarakawa et al., Capsular polysaccharides of Staphvlococcus aureus

p. 235-293. In J.i. Robbins, J.C. Hill, and J.C. Sadof{ {ed.} Seminars
in infectious disepse. vol. 4. Bacterial vaccines. Thieme Stratton.
Inc. Hew York; V. U. Karakawa et al. J. Clin. lidcrobiol. 22 : 445-447,
1985; Sompolinsky et al., J. Clin. iiicrobiol. 22 : 823-834, 1%85.

The purification and the biochemical and immunological

~

characterization of the capsular polysaccharide of type 8 were carried
out in 1984 (J.M. Fournier et al., Infect. Immun. 45 : 87-83) and those
of type 5 in 1987 (J.M. Fournier et al., Ann. Inst. Pasteur/Microbiol.
138 : 561-567;.

Specific monoclonal antibodies of the capsular polysaccharides
5 and 8 have been described {H.X. Hochkeppel et al., J. Clin. Hicrobiol.
25 : 526-530, 1987, and 1.J. Helles et al., Infect. Immun. 49 : 14-18,
1985;.

Furthermore, epidemiological studies carried out on a large

number of strains of Staphylocqgcus aureus isolated from patients have
shown that 70 to 80% of these strains possess one or other of the
capsular polysaccharides 5 and 8 (for example R.D. Arbeit et al., Diagn.
Microbiol. Infect. Dis. 2 : 85-91, 1984;.

Also in the present invention the antibodies recognizing

a capsular polysaccharide of Staphylococcus aureus are advantageously

constituted by at least antibodies recognizing a capsular polysaccharide
of type 5 or 8 and preferably simultaneously by antibodies recognizing

a capsular polysaccharide of type 5 and antibodies recognizing a
capsular polysaccharide of type 8,

But it is obvious that the most reliable diagnostic reagent
contains a set of antibodies récognizing the different types of capsular
polysaccharides.

In the reagent according to the invention, the different

antibodies and fibrinogen may be bound to only one suspension of
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narticles or be bound to different suspensions of particles {in a
proportion of one or nwore types of component per suspension of
narticlas) which ars then aixed to constitute the reagent.

The particles in suspension used in the reagent according
to the invention;gra.in particular latex particles such as polystyrene
beads or similar particles, having preferably a size less than 2 micro-
meters. As an example mention may be nmade of ESTAPOR particles marketed
by the Rhdne-Poulenc Coripany such as

- particles of polystyrene X 109, having a diameter of G.8
micrometer,

- particles of polystyrene having carboxyl groups, PSI 480,
having a diameter of 0.8 micrometer.

Hagnetic gels may also be used such as gels of polyacrylamide
and/or agarose containing magnetic par;}cles which are described in
FR-A-2 334 106. Gels such as Ultroge ®and Magnogel ® from the IDF
Company may also be used. .

The antibodies used in the present invention may be animal
or human antibodies, polyclonal or monoclonal. '

The antibodies recognized by affinity by protein A of
staphylococcus are, in particular, antibodies of the IgC class. They
may be replaced by Fc fragments of these immunoglobulins.

In the case of polyclonal antibodies, a human or animal
plasma, normal or immunized, containing these antibodies or antibodies
purified according to standard methods may be used for the preparation
of the reagent.

In the case of monoclonal antibodies, a supernatant of a
hybridoma culture or ascites fluid prepared in mice, or antibodies
in the purified state may be used.

In order to bind fibrinogen, a2 human or animal plasma, normal
or hyperimmunized, or fibrinogen purified according to standard methods
may be used. '

The binding of these molecules to the particles in suspension,

usvally latex, may be accomplished in various ways:
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- the binding may bYe spontaneous during the cours: of
incubation of the latex particles in © solution conLaining these
molecules, for exanple an incubation of 30 minutes at 54G°C is often

sufficient.

(9]

- this bipding con also be carried out by creating a covalent
linkage bLetwean €he antibodies and the carboxvlic groups presenbt on
some of the latex particles (ESTAPOR PSI 480). It is possible to use,
for exawuple, a carbodiimide to establish the covalent linkage.

The concentration of the molecules to be bound to the latex
10 particles, which must be determined for each molecule according to
known methods, is usually lower than 200 micrograms per m7y of latex,

In the case of the use of molecules as components of plasma, a dilution
of this plasma to 1/100C may be used.

The following examples illustrate the present invention,

.

Example 1

a) Preparation of latex particles sensitized with fibrinogen

fo)
wn

and antibodies contained in human plasma, including IgG.
A suspension of latex (ESTAPOR, X 109) is brought to a
concentration of 2% in glycine—f0.27 ¥) - sodium chloride {(0.15 M)-

20 sodium azide {0.04 g/litre) buffer, called CGA, pH 8. A volume of this
suspension is mixed with an equal volume of hwman plasma diluted
1/1000 in the same buffer, then incubated for 30 minutes at 56°C with
shaking. After washing, the sensitized latex particles are resuspended
in a CGA buffer containing 0.05% of human plasma.

25 b) Preparation of latex particles sensitized with purified
monoclonal antibodies recognizing the capsular polysaccharide of type
8.

A suspension of latex {ESTAPOR, ref. XK. 109) is brought to
a concentration of 2Z in glycine {0.17 M) ~ sodium chloride {0.15 M)~

30 sodium azide {0.04 g/litre) buffer, called CGA, pl 9.2. A volume of
this suspension is mixed with an equal volume of purified antibodies
dissolved in the same buffer. The final concentration of antibodies

is 100 micrograms of antibodies per mg of latex. After incubation for

This Sheet 4
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30 minutes at 37°C, the sensitized latex particles are washed, then
resuspended in the CGA buffer containing 0.17 of bovine serum albumin.

c? Preparation of the reagent,

Tie suspension obtained in o and the suspension obtained
in 0 are ;'ixed ig-etual proportions to constitute the reagent.

Example 2

One works as in example 1 bub by using in step b a mixture
of monoclonal antibodies recognizing specifically the polysaccharides
of types 8 and 5.

For this purpose a suspension of Lstapor latex (ref. X 109)
at a concentration of 4% in G.15 :i/litre glycine, 0.15 ¥/litre HaCl
puffer, pH 8.2 (GN} is mixed to a volume of GI buffer containing a
mixture of anti-type 5 and anti-type 8 monoclonal antibody ia equal
proportions at a final concentration of 1 mg/nl. This mixture is
incubated for 1/2 hour at 37°C with shaking.

A volume of this sensitized latex is mixed with GN buffer
containing 3 mg/ml of bovine albumin and 0.04 g/1 of sodium azide,
This mixture is incubated for 1/2 hour at 37°C. 1 volume of this anti-
type 5 and 8 latex is mixed with 1 volume of latex particles sensitized
with fibrinogen and antibodies of human plasma.

Example 3

One works as in example 1 but by using in step b a mixture
of 11 antibodies recognizing specifically the 11 known capsular
polysaccharides of Staphylococcus aureus.

Example &

In a study carried out under the direction of one of the

inventors, the agglutinating power of a reagent prepared according

to the procedure described in éxample 2 was compared with that of a
. R . . .

commercial reagent (Pastorex ~— Staph}. This comparison was carried

out with 183 strains of Staphylococcus aureus isolated from patients.

Whereas the commercial reagent only agglutinates 176 of the 183 strains,
the reagent prepared according to example 2 agglutinates the 133

strains. Furthermore, the rapidity and intensity of the agglutination
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of Lhe strains which were already agslutinated by the comiercial reagent
are very nmarkedly improved by the ulilization of the reagent prepared
according to example 2.

The reansents according to the invention may be used for a

5 rapid identificatiow of the Staphylococcus aureus species by

agalutination:
- pefore isolation ol the bacterium:
in a biological fluid
(secretion, suppuration, etc...},
13 in & culture aediun
{blood culture, etc...},
—~ after isolation of the bacterium.

The reagents according to the invention make it possible

to recognize all of the strains of 3taphylococcus aureus which are

15 not recognized by existing agglutinating reagents presently on the
market and among which the strains resistant to oxacillin predominate.
They thus possess major importance — in view of the problems which

these strains, which are also most often multiresistant, pose.
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1. Reagent for the detection Ly aaglutination of

Staphylococcus aureus, of Lhe type containing particles in suspension

to which are bound antibodies recopnized by affinity by prolein A of
5 the slauh}lococcus Land by fibrinogen, characterized in that it contains
sarticles in suspension to which are bound at least one antibody

specifically a capsular polysaccharide of Staphylococcus

recognizing

aureus.

2. Reagent according to Claim 1,

characterized in that the

10 antibodies recognizing a capsular
aureus are antibodies recognizing
5 or 8.

3. Reagent according to

polysaccharide of Staphylococcus

a capsular polysaccharide of type

Clain 2, characterized in that the

antibodies recognizing a capsular polysaccharide of Staphylococcus

15 aureus are simultaneously antibodies recoanizing a capsular
fluadittoadihciioest ot (i) o

polysaccharide of type 5 and antibodies recognizing a capsular

polysaccharide of type 8.
4, Reagent according to Claim 3, characterized in that the

antibodies recognizing a capsui;r polysaccharide of Staphylococcus

20 aureus comprise a set of antibodies recognizing the different types
of capsular polysaccharides,

5. Reagent according to any one of the Claims 1 to 4,
characterized in that the particles in suspension are latex particles.

6. Reagent according to any one of the Claims 1 to 5,
characterized in that the particles have a size less than 2 micrometers.

7. Reagent according to any one of the Claims 1 to 4,
characterized in that the particles in suspension are magnetic gels.
' 8. Method for the detection of Staphylocodcus aureus in a sample

by agglutination, characterized in that the sample under study is mixed

30 with a reagent according to any one of the preceding Claims and it

is observed whether agglutination occurs.
g, Method according to Claim 8 in which the sample is

a sample of a blood culture.
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