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det ection of Staphyl ococcus aureus by aggl utination.

invention relates to a reagent for the detection O
Siaphylococcus aureus by aggl utinati on. :

1

flocesi-p ros

Reazent for the detection of Staphylococcus sureus by agnlutiaation,

The present invention relates Lo a reageat for the detection

of Staphvlogoccus aurens by angletinntion,

v

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 wzll 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.,

J. Clin. Hicrobiol. 24, 450, 1986). . e
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Various reagents are already known for the detection of Staphyl ococcus
aureus. These reagents are based on the search for either protein A of

St aphyl ococcus or the affinity factor for fibrinogen, or both

si mul t aneousl y. Protein Ais an antigen of protein nature, an
external conmp&HEMts%EP the wall of the majority of the str2ihs o8/ St:&bhyl 0-
coccus aureus of human origin (85 to 95%. By a non-inmunol ogi cal process,
protein A binds the Fc fragment of the i mmunoglobulins, |eaving the Fab
part free. If strains of St aphyl 0COCCUS aureus possessing protein
A and sheep red blood cells or latex particles sensitized, for exarrpl e,
with rabbit anti-sheep red b]ood cells serumare placed together

aggl utination visible'td Fhh SR y@“ﬁ§“§ﬁééﬁ%éﬂrmf¥ﬁw ° ‘?@w?%fﬁﬁtes
The affinity ifhaetarsfor 1f; 6Mum®gemW\Bt@hlu&o&tnaafmedui dsbhercguffacpatifents

St aphyl ococcus, %uﬂoe& ) aﬂﬁ aql rec |¥1 alhisf Irl()a‘rvé.gnqg?@'has been found that

7 strains {43%) are not agglutinated by any of the three reasents used

Staphysli G? >t39haurex(;and Pe sLore<GDbtaph,. If only the 50

LA

strains resistant 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

10 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.

15 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

20 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

25 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

3¢ 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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This affinity factor for fibrinogen can be determined within a few seconds
by pl-acing in contact the strain under study and sheep red blood cells
(passi ve henagglut|nat|on) or |atex particles, one or other being coated
wi th fibrinogé&n89/05¢50 Vari ous published studies show fHaf & /Ge8t7ai n
nunber of strains of Staphylococcus aureus are not identified by these
reagents. Their percentage varies from1l to 5% when these studies are
carried out on all of the Staphyl ococci Saureus isolated. But this
percentage of failure is larger when only the strains resistant to

oxacillin (or neticillin e taken intq con5|derat|o this. percentage
attains 25%i'n é”?%’éeﬁfe‘)ﬁ{ﬁldyfo(’fa‘? s caPIUe W SIE e 1Y r'7‘§gi . ét&g P FESER us

aur eus resi stanknt B-moueei bidunogbsbuRid . goRuanenabgbulink 1&bdlned Michobi ol .
24, 490, 198@%b&a

~

minei, This study clearly showed that protein & is not exposeil
or then only in very small amount at the surface of the bacteria which

5 are not agslutinated by the latex, and that thz surface of these
bacteria is, on tHé other hand, totally masked DLy 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,

10 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

15 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

20 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
25 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

30 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,

i



I.m a study carried out under the direction of one of the inventors on 133
strai-ns of Staphyl ococcus auraus isolated frompatients in 5 hospitals in
Paris and the Paris region, it has been found that

J0597/05980 PCT/FRE5; 00637

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

U, %, Xarakawa et al., Capsular yolysaccharides of Staphvlococcus aureus

p. 235-293. In J.i. Robbins, J.C. Hill, and J.C. Sadof{ {ed.} Seminars

in infectious disgase. vol. 4. Bacterial vaccines. Thieme Stratton.

(9]

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
10 out in 1984 (J.M. Fournier et al., Infect. Immun. 45 : 87-93) 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.
15 25 : 526-530, 1987, and H.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
20 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
25 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
30 polysaccharides.
In the reagent according to the invention, the different

antibodies and fibrinogen may be bound to only one suspension of

i



7-strains (49 are not agglutinated by any of the three reagents used
(Staphyslide@ Staphaurex[err] and Pastorex[err] Staph). If only the 50
strains resistant to oxacillin are considered, it is found that 6 strains
(129 are falsely negative with the comrercial reagents. Hence, these

resul ts are i RE88eNt with those described in the |iter&Eargot/ 0637

Two hypot heses may be envisaged to explain the fact that sone strains of

St aphyl ococcus aureus are not aggl utinat gd by the conmercial reagents:

1) These strains produce protein Ain an“anount too snmall for there to be a
reaction between this protein and the |latex particles adequate to lead to

bacterial aggluti.nation., . addrrotein A i.s praduced in nornal
anounts, but t'%[lttslcé% ioge}’f‘ abs(’uv\%lﬁn g’sl)fteﬁgnlafsf"is’rﬁqsﬁo?‘aé)?o?m?t(%i‘?‘k’l b??%gen are
masked by oneporporbie@ of here antiogensyrasdo hrcempdnesti peceessinbien w6 t he | at ex

P e or 2Tk T DRAT SR, et st on o o of

The particles in suspension used in the reiagent according

5 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 nade of ESTAPOR particles marketed
by the Rhdne-Poulenc Coripany such as

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

10 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

15 FR-A-2 334 106. Gels such as Ultrogel®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 recog;ized by affinity by protein A of

20 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

25 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

30 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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|.at ex particles produce as much protein A as the other strains. This result
t hus 'nakes it possible to elimnate the first hypothesis. It was then
shown, by determ ning the capsul ar pol ysacchari de by neans of an

i nMmunoenzynat,i.c re%htlon utilizing nonocl onal antibodi es, &Q@L“al of_the
strai ns non- angUtf at'ed by the latex particles sen5|t|zed y F-PHT 1Hd§en
and agai nst protein A possess the capsul ar pol ysaccharide. Finally, the
anti gens exposed at the surface of the staphylococcus and, consequently,
capabl e of reacting with the latex parti‘tles were studied by

i mmunof | uorescence. This study focused, on the one hand, on protein A (by
utilizing the Fc frag { U ] | p ze
F(ab')[err] fragnments g?phﬁ?ﬁym nﬁw ,gnu qg g?#%ﬁﬂgqﬁéb %Iﬁgn% béiled W th
fl uor escei n) Hsdbalgipnt fk %ﬁhbﬂe“oi‘rﬂt‘ihélﬁﬁawuf @lpbwsa@ttwawue these

utilizing nmougs.ppnegl P&alexé‘:rﬁfﬂebgﬂi'1%13&‘&11;9901 30 minutes at 54°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 I
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M i sotype specific for the capsul ar pol ysaccharide and F(ab')[err]
fragnents of anti-nouse M inunoglobulin goat imunoglobulins |abelled
wi th rhodam ne). This study clearly showed that protein A is not exposed or
then only in very small anmount at the surface of the bacteria which

W0 3NS0E00 PCT/FR83700637

‘o

~dJ

30 minutes at 37°C, the sensitized latex particles are washed, then
resuspended in the CGA buffer containing 0.17 of bovine serum albumin.
¢! Preparation ol the reagent.
The suspension obtained in a and the suspension obtained
5 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.

10 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

15 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

20 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.

25 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

30 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

This Sheet Has Been R,
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are not agglutinated by the latex, and that the surface of these bacteria
i, on the other hand, totally nmasked by the capsul ar poly- saccharide. As
a control, it was verified that the strains which are agglutinated by the
| at ex partl cles do indeed display protein A at their surface.

Thus, this stdy/Eews that the capsul ar pol ysacchari de sy?iiHesiZeac®y sone
strai ns of Staphyl ococcus aureus masks all of the bacterium masks the
antigens capabl e of being recognized by the commercial reagents and thus
prevents the identification of these strains as belonging to the

St aphyl ococcus aur eus speci es by the fact of the| r agglutination by the
commerci al reage hicl esult of th gt udy and, in rticul ar
the fact that"‘thé‘ §f’f%{’i"ﬁs“6‘fc"8t ‘Banyllbt‘ﬁiéc‘&' "%’br” U§ W R B EC ]e’ghffij'igie“t
protein A at arhevesyrhadeddy erpapsud ay ethestridiinstionhef GApstdagent prepared

pol ysacchari qg?%'%fic‘iétw e\rr’rgs.lk t,he protein A has made it possible to design

a reagent for ecti o of “the strains of St aphyl 0coccus aureus whi ch
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 a culture aedium

(blood culture, etec...},

—~ 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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-posset’!ﬂwmmﬂu H U liability than the known reagents. A
~#subj e | M invention is thus a reagent for the detection by

-aggl utination of Staphyl ococcus aureus of the type conprising particles in
suspensi on,ta.which are bound fibrinogen and antibodies {,@c,ag‘g_li‘ @3@97 by
affinity the protén A of staphylococcus, characterized in ‘that Tt~ contains
particles in suspension to which are bound at | east one anti body
recogni zi ng specifically a capsul ar pqJ ysaccharide of Staphylococcus aureus
of type 5. Anot her subject of the present invention is a
procedure for the detection by agglutination of Staphylococcus aureus in a
sanpl e, which consists of mxing thegisanple wwth a reagent according to the
i nvention and of obferhvi ng whether an aggl utination occurs..

. Reagent {or the detection Ly agglutination of

Staphylococcus aureus, of Lhe type containing particles in suspension

to which are bound antibodies recopnized by affinity by prolein A of
5 the staphylococcus _gnd by fibrinogen, cheracterized in that it contains
-
sarticles in suspension to which are bound at least one antibody

recognizing specifically a capsular polysaccharide of Staphylococcus

aureus.
2. Reagent according to Claim 1, characterized in that the
10 antibodies recognizing a capsular polysaccharide of Staphylococcus

aureus are antibodies recognizing a capsular polysaccharide of type

5 or 8.
3. Reagent according to (laia 2, characterized in that the

antibodies recognizing a capsular polysaccharide of Staphylococcus

15 aureus are simultaneously antibodies recognizing a capsular
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 capsular 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,
25 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 ‘Stapliylococcus 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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4 o AL present. 1l &wpes of capsul ar pol ysacchari des have "-been &

ke ;s

i dentiff ed by\ essent iiakl y; l.|f,r,rm¢}n_9_—I__,(_),g| cal methods. SeeYin thi's connecti

W W Kar.akawa.
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S BY AGGLUTINATION

The present invention relates to a rea.gent for"
the detection by agglutination of Staphylococcus aureus.

Various reagents are already known for the
detection of Staphylococcus aureus. These reagents are
based on the search for either protein A of Staphylo-
coccus or the affinity factor for £ibrinogen, or both
simultaneocusly.

Protein A is an antigen of protein nature,. an
external component of the wall of the majority of the
strains of Staphylococcus aureus of human origimn (B85 to
95%) . By a non-immunological process, protein A binds the
Fc fragment of the immunoglobulins, leaving the Fab part
free.

If strains of Staphvlococcus 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 agglutinatiocn visible
to the naked eye is observed within a few minutes.

The affinity factor for fibrinogen which is
attached to the surface of Staphyvlococcus aureus reacts
directly with <£fibrinogen. Thisg affinity £factor for
fibrinogen can Pe determined within a few seconds by
placing in contact the strain under study and sheep red
blood cells (passive bemagglutination) or latex
particles, one or other being covered with fibrinogen.

Various published studies show that a certain
number of s8trains of Staphylococcus 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 strains 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., J. Clin. Microbiol. 24,
490, 1986}.

In a study carried out under the direction of one
of the inventors on 183 strains of Staphylogcoccus aureus
xsolated from patients in 5 hospitals in Paris and the

i

et &%Ld, Cap qI@r_‘__p_Q! ysaccha:gl (Cj:e'ssozI fS]E éﬁjhél ;)cgcc.'_us _;agﬂeUS P
adof f -(ed. em-nars ...t e

g »-REAGENT FOR THE DETECTION OF STAPHYLOCOCCUS =~ ® ©
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pol _ Clin. Mcrobiol. 22 : 828-834, 1985. The

purification and i ocheni cal and i mu®otogi cal characterization of the
capsul ar pol ysaccharide of type 8 were carried out in 1984 (J.M_  Fournier

et al., |nfectPanimnmegion, H7-bas heemi fevedothaypd strairgsA4y). mre

Cooel 1o mons St B it et et e o

ant | ies o e capsula sacchar i des and 8 have
been descri bed(s(%HQYq‘Mﬂ(e'pp%Fa%?a%T?’f@fné ?ﬁgg#ﬁ‘o itB‘P.h@ZSI:% §Z’g'-y530,
|1:98t7h and M J-tlﬂ!é@mssﬁaiﬂsl rdgifseint |tonoxacidlinl ks cokiidered, it
urt hernore, epidem ologic studies._c Led t I er, s
strains of Staphytdty c%éaguﬁeﬁgr?ééfagggb‘s rfﬂ%gpaftg"lIi es‘%tl?a tﬁ%&e shomnw’%hat 70
to 80% of thesthese acommposiatsreagentsot Hanas, ttheseprepults are in
pol ysacchar i dgg, % GRhd il RGP fedtBibdi ol lekd Plrerdtasns.

Two hypotheses can be envisaged to explain the

in inf é‘@;SiSb@SHdimﬁa&ﬁmuol . 4. Bacterial vaccines. Thiene Stratton. Inc.

N(gw York et al. J. din. M crobiol. 22 : 445-447, 1985;
Sonpol i n

fact that some Staphylococcus aureus strains are not
agglutinated by commercial reagents:

1) These strains produce protein A in a
quantity which is too low for there to be, between. the
protein and the latex particles, a reactiom which is
sufficient to cause a bacterial agglutinatiom.

2) The protein A is produced in a normal
quantity, but this antigen, as well as the affinity
factor for fibrinogen, are coated with one' or more
antigens and are therefore inaccessible to the latex
particles.

In a study carried out under the direction of one
of the inventors, it has been shown that the strains not
agglutinated by the latex particles produce as much
protein A as the other strains. This result therefore
makes it possible to dismiss the first hypothesis. It was
next shown, by assaying the capsular polysaccharide by
means of an immunocenzymatic reaction using monoclonal
antibodies, that all the strains not agglutinated by the
latex particles sensitized by fibrinogen and towards
protein A possess capsular polysaccharide. Finally, the
antigens exposed at the surface of the staphylococcus,
and which can as a result react with the latex particles,
were studied by immunofluorescence. This study related,
on the one hand, to protein A (using the human immuno-
globulin Fc fragment and the anti-human Fc pepsinated
sheep immunoglobulin F(ab‘), fragments labelled with
fluorescein) and, on the other hand, to the capsular
polysaccharide (using M isotype murine monoclonal
antibodies specific for the capsular polysaccharide and

anti-mouse immunoglobulin M goat immunoglobulin F(ab’),

This is the replacement sheet
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M crobTb#Sl‘ n ed 2 . 85-91, 1984). Also in the present
| n:ventl es recogni zi ng a capsul ar pol ysacchari de of

Staphyl are advant ageously constituted by at |east anti bodies
recogn|2|ng a capsular pol ysaccharide of "typ& 5 and preferably

si mul t aneousl y by ant i bodj e gn|,2| ng saccharl d of (ype
5 and anti bodi &5 ﬁﬁé 5;38& ng@%i‘:Eﬁ r| gtpd Y8 howed ”
But it is obvi mmedi‘w et npﬁétéﬁhlnbie ﬂbagaagbuedr eagells (Hiﬂidﬂdils im set
of anti bodi es reco zin different,ty eC u oly ace hari des.
In the reagent ac '}_ &gfgrlt%tlesﬁve%t %%n Qﬁ%f‘g gf%n‘?tep T oot s %
fibrinogen nay xst b%&!mlluti;nm@t bnetbssyi@”b;ﬁmn %id that the surface of

these bacteria is, on the other hand, completely covered

with the capsular polysaccharide. As a control, it was
checked that the strains which are agglutinated by the
latex particles indeed expose protein A at their surface.

' This study therefore shows that the capsular
polysaccharide synthesized by some Staphylococcus aureus
strains covers the whole bacterium, masks the antigens
which may be recognized by commercial reagents, and thus
prevents the identification of these strains as belonging
to the Staphvlococcus aureus species because of their
agglutination by commercial reagents.

The result of this study, and in particular the
fact that the Staphylococcus aureus strains which do not
exhibit protein A at their surface are capsulated strains
whose capsular polysaccharides mask protein A, has made
it possible to design a reagent for the detection of
Staphvlococcus aureus straing which exhibits greater
reliability than‘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 c¢apsular poly-
saccharide of Staphvlococcug aureus.

The subject of the invention is also a process
for the detection, by agglutination, of Staphvlococcus
aureus in a sample, which consists in mixing the sample
with a reagent according to the invention and in
observing if an agglutination is produced.

At present 11 types of capsular polysaccharides
have been identified by essentially immunological

methods. See in this connection: W.W. Karakawa et al.,
This is the replacement sheet
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5 parti nd to different suspensions of particles (in a
proporti Iﬂl re types of conponent per suspension of particles)

whi ch are constitute the reagent. The particles in
suspensi on used in the reagent according

Capsular polysaccharides of Staphvlococcus aureus
p— 285‘293- _Iﬁ J.B.RObbinS, JCCO Hill' and J'CQ SadOff

{ed.) Seminars in infectious disease. wvol. 4. Bacterial
vaccines. Thieme Stratton. Inc. New York; W.W. Karakawa
et al. J. Clin. Microbiocl. 22: 445-447, 1985; Sompolinsky
et al., J. Clin. Microbiol. 22: B828-834, 1985.

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: 87-93) 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.K. Hochkeppel et al., J. Clin, Microbiol. 25: 526-530,
1987, and M.J. Nelles et al., Infect. Immun. 49: 14-18,
19885).

Furthermore, epidemiological studies carried out
on a large number of strains of Staphvlococcus aureus
isolated from patients have shown that 70 to 80% of these-
strains possess one or other of the capsular
polysaccharides % 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
recognizing the different types of capsular
polysaccharides.

In the reagent according toc the invention, the
different antibodies and fibrinogen may be bound to only
one suspension of particles or be bound to different

suspensions of particles (in a proportion of one or more
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toth In particular latex particles such as pol ystyrene
beads %i H ll ticles, having preferably a size less than 2 m cro-
net er s, e nmention may be made of ESTAPOR particles marketed by

t he Rhone- Poul enc Conpany such as - 5 = particles of polystyrene
K. 109, having a diameter of 0.8 mcroneter, i cl es, of

) -, part
pol ystyrene hat¥R§ScAf HEIPPORERE RET @sﬂﬁéﬁl%ﬁ%ga&tﬁc&ﬁﬁ)efh&F%‘?Be
mi Icrometler. » theﬁ/ mixbagret congeitutey tiles @cagentad s_uclh aswﬁ_el;s1 of
pol yacryl am de and/ or argse. containi_ng _magnetj c particles ich are
Hestribed in FR A 2 333AP0BRTEIaes, df FUAHTHGH (1999 25 Jhie \AGASHEF
[err] from t heabBBr@anganfoneyhel scnvmntissl. are in pafhécmidkeirbollaeexused
in the present i L@n ' ' ls | or
nonocl onal . phg\?gE&E‘%hgﬂgﬁtﬁﬂeqﬂ%ﬁ%ﬁi zeg eﬁ%%??ﬁ%?tg?/‘ g%‘%%%tgg?h A of
st aphyl ococcushavéng; preferpbdvar sdfe HRfSesthm thenigrrresses. Theyan

example mention may be made of ESTAPOR particles marketed
by the Rhdéne-Poulenc Company such as

- particles of polystyrene K 109, having a
diameter of 0.8 micrometre,

- and particles of polystyrene having carxboxyl
groups, PSI 480, having a diameter of 0.8 micrometre.

_ Magnetic gels may also be used such as gels of
polyacrylamide and/or agarose containing magnetic
particles which are described in FR-A-2 334 106. Gels
such as Ultrogel® and Magnogel® from the IBF 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
IgG class. They tay 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 £luid
prepared in mice, or antibodies in the purified state may
be used.

In order to bind fibrinogen, a 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, usually latex, may be accomplished in
various ways:

- the binding may be spontaneous during the

course of incubation of the latex particles in.a solution
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may be T aFﬁ""agm&*nts of these immnogl obul i ns. In the
case of ‘ bodi es, a human or ani mal plasma, normal or
I muni ze hese antibodies or antibodies purified according to

standard mnet hods may be used for the prepafation of the reagent.

In the case of nonocl onal anti bodi es a supernatant _.of a hybridoma cul ture
or ascites fl uiCPRAdRdngy theas aolesulas i 6 s¥amplen 8vpdrarrPationacd nay

be used. 30 mimhtdsden 56 ky _rici lofenQaFEicidimn or ani mal pl asme,
Tot hods may” be used. - tBis ' Bipdifay fah afae dHey dakel ; sutnobY
particles in suseatsingn, a usowhlent allénkagry Hetweeromié shetibadiasi and
Vays: the carboxylic groups present on some of the latex
particles (ESTAPOR PSI 480). It is possible to use, for
example, a carbodiimide to establish the . covalent
linkage.

The concentration of the molecules to be bound to
the latex particles, which must be determined for each
molecule according to known methods, is usually .lower
than 200 micrograms per mg of latex. In the case of the
use of molecules as components of plasma, a dilution of
this plasma to 1/1000 may be used.

The following examples illustrate the present

invention.
Example 1

a) Preparation of latex particles sensitized with
fibrinogen and antibodies contained in human plasma,
including IgG.

A suspension of latex (ESTAPOR, K 109) is brought
to a concentration of 2% in glycine (0.27 M) - sodium
chloride (0.15 M)-sodium azide (0.04 g/litre) buffer,
called CGA, pH 8. A volume of this suspension is mixed
with an equal volume of human plasma diluted 1/1000 in
the same buffer, then incubated for 30 minutes at 56°C
with shaking. After washing, the sensitized 1latex
particles are resuspended in a CGA buffer containing
0.05% of human plasma.

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

A suspension of latex (ESTAPOR, ref. K. 105) _is
brought to a concentration of 2% in glycine (0.17 M) -
sodium chloride (0.15 M) - sgodium azide (0.04 g/litre)
buffer, called CGA, pH 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
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- the bi i t aneous during the course of incubation of the
| at ex par I ution containing these nolecules, for exanple an
i ncubatio at 56C is often sufficient.

-7 -

latex. After incubation for 30 minutes at 37°C, the
sensitized latex particles are washed, then resuspended
in the CGA buffer containing 0.1% of bovine serum
albumin.

c) Preparation of the reagent.

The suspension obtained in a and the suspension
obtained in b are mixed in equal proportiomns to
constitute the reagent.

Example 2

The procedure is carried out as in Example 1 but
by using step b a mixture of monoclonal antibodies
recognizing specifically the polysaccharides of types 8
and 5.

To this end, a suspension of Estapor latex (ref.
K109) at the concentration of 4% in a 0.15 M/litre
glycine buffer, 0.15 M/litre:NaCl, pH 8.2 (GN), is mixed
with one volume of GN buffer containing a mixture of
anti-type 5 and anti-type 8 monoclonal antibodies in a
proportion equal to the final concentration of 1 mg/ml.
This mixture is incubated, with stirring for 1/2 an hour
at 37°C.

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

Example 3

The procedure is carried out as in Example 1 but
by using in step b a mixture of 11 antibodies recognizing
specifically the 11 known capsulaf polysaccharides of
Staphyvlococcus aureus.

Example 4 _
In a study carried out under the direction of one

of the inventors, the agglutinating power of a reagent,
prepared according to the process described in Example 2,
was compared with that of a commercial reagent (Pastorex?

Staph). This comparison was carried out  with 183
| This is the replacement sheet
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- this binding can al so bg carried out by creating a coval ent |inkage
bet ween t ek HRoRE t he carboxylic groups present on sone of the

| at ex part 4t PSI 480). It is possible to use, for exanple, a
car bodi i m ' t he coval ent |inkage.. The concentration
of the nol 0 be bound to the latexgparticles, which nust be

determ ned for each nol ecul e according to known nethods, is usually | ower
than 200 m cr ogt@fkyDétodfusl ahilefis bBrhhifisCcatsoIdtdde fiom Obatdéstsl es as

conponents of plasna di lution_of _this plas t 0,1/.1.00Q nay u
The ol owi ng Taneres b | Erpateding relefRlT ARy ipat B oI e
1 a)sErajms abutn off 183 ex ther tregmntsepsepazred wickdexidilmg nbgen
and anti bodi e ,&Q‘Qé ' | ASHE, 184'C | I b4
suspensi on of SIf:at e %%W%g% I'S bjr'%u %{:@%_-({)59% g%lcaé%cthr' at} on 0 ®2%in
gl yci ne (0.27 ®ggeedsaud uiptaneituecfotks ﬁpsiéﬁémﬁlea R (BhosstFringe)
buffer, call edyiish wdte Glrhady 4egletindited by the commercial reagent

are very substantially increased by the use of the

reagent prepared according to Example 2.

The reagents according to the invention may be
used for a rapid identification of the Staphylococcus
aureus species by agglutination:

- before isolation of the bacterium:

* in a biological fluid

(secretion, suppuration, etc...),
» in a culture medium

(blood culture, etc...)},

- after isolation of the bacterium.

The reagents according to the invention make it
poseible to recognize all of the strains of
Staphvlococcus aureus which are 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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suspension is mxed with an equal volume of human plasnma diluted 1/1000 in
t he ﬂnmmmm I ncubated for 30 mnutes at 56[err]C wi th shaki ng.
Afte m"m mnsi tized latex particles are resuspended in a CGA
buf f et conttai Wi ng 0+ 05% of hunan pl asma’ b) Preparation of |atex
particles sensitized with purified nonagl o&% ant i bodi es recogni zi ng the
capsul ar pol ysacchari de of type 8. A suspensi on of | atex
I(\/) ESTAPC];_, ref.1K éOQ)%é%&HIvﬁ))ugbbdmha debeesfivat itgn agglékinaghipni mef (O 17
- sodium ch]ori . - _sodium az| 4 |0t :, | ed
CGA, pH 9. 2. M‘;—%qsﬂﬁ-?%%%%%hs?gnkgg &'&?%d ‘%ﬁ?&%‘%)ngg]gﬁ%lo ume
of purified antn bndipenaiicss dlovetiich ake bewndpadtibodime yegpgnized by
concentration ofe é}POd!Fgf b%oi:@?.nm @ 0OsAMBRE aRkhLPAGISTdRRMuSTY &g

| atex. After incubati‘on
fibrinogen, characterized in that it contains particles

in suspension to which are bound at least one antibody
recognizing specifically a capsular polysaccharide of

Staphylocoeccus aureus.

2. Reagent according to Claim 1, characterized in
that the antibodies recognizing a capsular polysaccharide
of Staphvlococcus aureus are antibodies recognizing a
capsular polysaccharide of type 5 or 8.

3. Reagent according to Claim 2, characterized in
that the antibodies recognizing a capsular polysaccharide
of Staphvlococcus aureus are simultaneously antibodies
recognizing a capsular polysaccharide of type 5 and anti-
bodies recognizing a capsular polysaccharide of type 8.
4, Reagent according to Claim 3, characterized in
that the antibodies recognizing a capsular polysaccharide
of Staphylococcus 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 micrometres.

7. Reagent according to any one of the Claims 1 to
4, characterized in that the particles in suspension are
magnetic gels.

8. Process for the detection, by agglutination, of
Staphylococcus aureus in a sample, characterized in that
the sample to be studied is mixed with a reagent
according to any one of the preceding claims and it is
observed if an agglutination is produced.

9. Process according to Claim 8, in which the sample

is a haemoculture sample. .
This Sheet Has BeenRTlaced “his is the replacement sheet
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7 30 mnutes at 37[err]C, the sensitized |atex particles are washed, then
resuspended in the CGA buffer containing 0.1% of bovine serum al bum n.
C) Preparation of the reagent.

- 10 -

ABSTRACT

Reagent for the detection of
Staphvlococcus aureus by agglutination

- e W m @ e - G e SN A e W G WY W N A R A G s S dy S oy W G A W e W A

The subject of the invention is a reagent for the
detection by agglutination of Staphyvlococcus aureus, of
the type containing particles in suspension to which are
bound antibodies recognized by affinity by protein A of
the staphylococcus and fibriﬁogen, characterized in that
it contains particles in suspension to which are bound at
least one antibody recognizing specifically a capsular

polysaccharide of Staphylococcus aureus.

Figure. None



Cosy209 3P
The suspension obtained in a)and the suspension obtained_in._b)ar e..m Xed—i-n
equal proportions to constitute the reagent T b Ay Banplen gty 86
"One works as in exanple 1 but by using in stjpﬁb)a m:-xt.ur e-of’ nDnocPdﬁaf
anti bodi es recogni zing specifically the polysagfharidas of. typ‘!as Bsand
For this purpose a suspension of Estapor |at ex (ref.. K. 109) wat. aty paged ...
concentration of 4%in 0.15 Mlitre glycine, O -15 hﬂlltre hﬁgﬂ buf@e& .pH ;
8.2 (GN) is mxed to a volune of GM buffer cmntalnlng a nmixture of
anti-type 5 and antl-type 8 nonocl onal anti body in equal . gOPOVEIﬁS at a
final concentration of 1 ng/ m Th| s Mixture is'incubated-

37C with shakin f ,this sensiti | at ex |s m xed mnth
GN buf f er B?ﬁeﬁlgn'i%g the r?gfrﬁ“l"f‘ %L ggﬁm%m%f allu% 4881 um
azide. This mxture is incubated for 1/2 hour at 37[err]C 1 vol une of this

22;;;,{?%’23 5 and 8 Ih?»‘t gr.z(es::_nt 1nv§g‘1\",\»ﬂntpul]it¥glx_%n§ :Qja,:s?!.t &5c P4 ngé %¥ion

of Staphylococcus aureus oy agulutination,

\"

ll.l.

e

Various reagents are already known for the detection of

Staphylococcus aureus. These reayents are based on the search for

A

either protein A of Staphylococcus or the affinity factor for
Eibrinogen, or both simultaneously,

Protein A is an antigen of protein nature, an external
conponent of the wall of the majority of the strains of Staphylo-
coccus gureus of humaa origin {85 to 95%). By a non-immunological

process, protein A binds the Fc 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 nlacing ' 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 Staphylococcus 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 failufe is larger when only the strains resistant to oxacillin
{or meticillin) are taken into consideration and this percentage
attains 253 in a recent study carried out with 73 strains of
Staphylococcus aureus resistant to oxacillin {see P.J. Ruane et al.,
J. Clin. Hicrobiol. 24, 490, 1986).

This is the replacement sheetl

pate: (3 FEB 1998



with fibrinogen and anti bodi es of human pl asma. Exanpl e 3

One works as in exanple 1 but by using in step b)a mxture of 11 anti bodi es
. recogni zing specifically the 11 known capsul ar pol ysacchari des of

St aphyl ococcus aur eus. Exanpl e 4 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 exanple 2 was
conpared with that of a comrercial reagent (Pastorex [err]Staph). This
conparison was carried out with 183 strains of Staphyl ococcus aureus

i solated frompatients. Wereas the cgmercial reagent only agglutinates -
176 of the 183 strains, the reagent prepared according to exanple 2
agglutinates the 183 strains. Furthernore, the rapidity and intensity of

the agglutination 1In a s:tuly carried out under the diresction of one of the

inventors on 133 strains of Staphylococcus aurzus isolated from patients
]

in 5 hospitals in laris and the Paris region, it hes been Z)und that:

7 strains {43} are not agglutinated by any of the three reasents used

(Staphyslide@‘), Staphaurex®and Pastorex ®Staph). If only the 50

strains resistant to oxacillin are considered, it is found that 6

strains {12%} are falsely negative with the commercial reagents. Hence,

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

some strains of Staphylococcus aureus are not agglutinated by the
commercial 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.

2) Protein & 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.

In 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 -Fc 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

This is the replacement sheet

03 FEB 1%

Date:



of the strains which were already agglutinated by the comrercial reagent

are very markedly inproved by the utilization of the reagent prepared
according to exanple 2.

M isotype specific for the capsular polysaccharids and F(ab')2 fragments
of 2ati-mouse M immunoglobulin goat immunoglobulins labelled with
rhodamine), This study clearly showed that protein A is not exposed
or then only in very small amount at the surface of the bacteria which
are not agglutinated by the latex, aand that the surface of these
bacteria is, on the 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 masks 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
thie detection by agglutination of Staphylococcus aureus of the type

comprising particles in suspension to which are bound fibrinogen and
antibodies recognizing by affinity 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 of type 5.

Another subject of the 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.

H
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The reagents according to the invention nmay be used for a rapid
identification of the Staphyl ococcus aureus species by agglutination:

- before isolation of the bacterium in a biological fluid
(secretion, suppuration, etc...), in a culture nmedi um
(bl ood culture, etc...), - - after isolation of the bacterium

The reagents according to the invention nmake it possible to recognize al

of the strains of Staphylococcus aureus which are not recogni zed by

exi sting agglutinating reagents presently on the market and anong which the
strains resistant to oxacillin predomglate. They thus possess ngjor

I nportance - in view of the problens which these strains, which are al so
nost often nultiresistant, pose.

At present 11 types of capsular polysaccharides have bLeen
identified by essentially immunological methods. See in tais connection:
W. W. Xarakawa et al., Capsular polysaccharides of Staphylococcus aureus
p. 285-293. In J.3. Robbins, J.C. Hill, and J.C. Sadoff (ed.) Seminars
in infectious Jdisease. vol. 4. Dacterial vaccines. Thieme Stratton.

Inc. Few York; ¥W. V. Karakawa et al. J., Clin. Microbiol. 22 : 445-447,
1985; Sompolinsky et al., J. Clin. Microbiol. 22 : 823-834, 1685,

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 : 87-93) and those
of type 5 in 1987 (J.M. Fournier et al., Ann. Inst, Pasteur/Microbiol.
138 : 5061-567).

Specific monoclonal antibodies of the capsular polysaccharides

- 5 and 8 have been described {H.K. Hochkeppel et al., J. Clin, Microbiol.

25 : 526-530, 1987, and M.J. Nelles et al., Infect. Immun. 49 : 14-18,
19853,

furthermore, epidemiological studies carried out on a large
number of strains of Staphylococcus 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.
ticrobiol. 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 S(QG-Sfand preferably simultaneously by antibodies recognizing
a capsular polysaccharide of type 5 and antibodies recognizing a
capsular poiysaccharide of type 8.

But it is obvious that the most reliable diagnostic reagent
contains a set of antibodies recognizing 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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CLAI M5 1. Reagent for the detection by agglutination of
St aphyl ococcus aureus, of the type containing particles in suspension

particles or be bound to different suspensions of particles {in a
proportion of one or more types of component per suspensioan of
particles}) which arz then mixed to constitute the reagent,

The particles in suspension used in the reagent according
to the invention are 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 made of ESTAPOR particles marketed
by the Rhéne-Poulenc Company such as

- particles of polystyrene X 109, having a diameter of 0.8
aicrometer,

- particles of polystyrene having carboxyl groups, PSI 480,
having a diameter of 0.3 micrometer.

Magnetic gels may also be used such as gels of polyacrylamide
and/or agarose containing magnetic particles which are described in
FR-A-2 334 106. Gels such as Ultrogel®and Magnogel ®fr_om the IBF
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 IgG 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, a 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,
usually latex, may be accomplished in various ways: ¢

-,
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to which are bound anti bodi es recognizing by affinity protein A of the

st aphyl ococcus and fibrinogen, characterized in that it contains
particles in suspension to which are bound anti bodi es recogni zi ng
specifically .a capsul ar pol ysacchari de of Staphyl ococcus aureus.of type 5.
2. Reagent according to Claim1l, characterized in thatit further conprises
anti bodi es a capsul ar pol ysacchari de of Staphyl ococcus aureus of type 8.

s .

- the binding may be spontaneous duriag the courss of
incubation of the latex particles in a solution coataininyg these
molecules, for example an incubation of 30 minutes at 56°C is oftem
sufficient,

~ this binding can also be carried out by creating a covalent
linkage between the antibodies and the carboxylic groups preseant on
some of the latex particles {ESTAPOR PSI 480). It is possible to use,
for example, a carbodiimide to establish the covalent linkage.

The concentration of the molecules to be bound to the latex
particles, which must be determined for each molecule according to
known methods, is usually lower than 200 micrograms per mg of latex.
In the case of the use of molecules as components of plasma, a dilution
of this plasma to 1/1000 may be used,

The following examples illustrate the present inventioa.

Example 1

a) Preparation of latex particles sensitized with fibrinogen
and antibodies contained in human plasma, including IgG.

A suspension of latex (ESTAPOR, X 109) is brought to a
concentration of 2% in glycine 70.27 M) - sodium chloride (0.15 M)~
sodium azide {0.04 g/litre) buffer, called CGA, pH 8. A volume of this
suspension is mixed with an equal volume of human 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.

b) Preparation of latex pérticles 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 2% in glycine {0.17 M) - sodium chloride {0.15 if)-
sodium azide (0.04 g/litre) buffer, called CGA, pH 9.2. A volume of
this suspénsion 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
H
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3. Reagent according to Claim1l , characterized in that it further
conprises a set of antibodies recognizing the dlfferent types of capsular

pol ysacchari des of - St aphyl ococcus aur eus. 4. Reagent according to
any one of the Clainms 1 to 3, characterized in that the particles in
suspension are |latex particles. 5. Reagent according to any one of
the Cains 1 to 4, characterized in that the particles have a size |less
than 2 mcroneters. 6. Reagent according to any one of the Cains
1 to 3, characterized in that the particles in suspension are magnetic’

gel s. 7. Method for the dete@tion of Staphyl ococcus aureus in a

sanpl e by agglutination, characterized in that the sanple is mxed with a
reagent according to any one of the preceding Clains and it
30 ninutes at 37°C, the sensitized latex particles are washed, then

resustended in the CGA buffer containing 0,17 of bovine serum aldumin.
¢} Jreparation of the reagent.

The suspension obtained in a)and the suspension obtained
in b) are mixed in equal proportions to constitute the reagent.

Example 2

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

For this purpose 2 suspension of Estapor latex (ref. K 109)
at a concentration of 4% in 0.15 if/litre glycine, 0.15 M/litre NaCl
buffer, pH 8.2 (GY¥) is mixed to a volume of GY buffer containing a
mixture of anti-type 5 and anti-type 8 monoclonal antibody in equal
‘proportions at a final concentration of 1 mg/ml. 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/l 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 caésular
polysaccharides of Staphylococcus aureus.

Example 4
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 example 2 was compared with that of a
commercial reagent (Pastorex R-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 183
strains. Furthermore, the rapidity and intensity of the agglutination

”
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I s observed whet her aggl utination occurs. 8. Method according to
Chaim7 in which the sanple is a sanple of a blood culture.

of the strains which were already agglutinated by the comnercial reagent
are very warkedly improved vy the utilization of the reagent prepared
acéording to example 2.

The reagents according to the invention may be used for a

rapid identification of the Staphylococcus aureus species by

agglutination:

- before isolation of the bacterium:

in a biological fluid

(secretion, suppuration, ete...},
in a culture medium

{blood culture, etc...),

- after isolation of the bacterium.

The reagents according to the invention make it possible
to recognize all of the strains of Staphylococcus aureus which are
uot recognized by existing agglutinating reagents presently on the
market and améng 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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CLAINS ™

1. Reagent for the detection by agglutina

s ]
or
G
=3
r

e

staphylococcus aureus, of the type containing particles ia suspension
to wiich are bound antibodies recognizing by affinity protein A of

the staphylococcus and - fibrinogen, characterized in that it contains
particles in suspension to which are bound antibodies

recognizing specifically a cassular polysaccharide of Staphylococcus
aureys.of type 5.

1. Reagent according to Claim 1, characterized in that it -

further comprises antibodies a capsular polysaccharide of Staphylococcus

aureus of type 8.

3. Reagent according to Claiml., characterized in that it

further camprises a set of antibodies recognizing the different types

of capsular polysaccharides of Staphylococcus aureus.

4. Reagent according to any one of the Claims 1 to 3,
characterized in that the particles in suspension are latex particles.

5. Reagent according to any one of the Claims 1 to.4,
characterized in that the particles have a size less than 2 micrometers.

" 6. Reagent.according to any one of the Claims 1 to 3,
characterized in that the ﬁarticles in suspension are magnetic gels.

7. Method for the detection of Staphylococcus aureus in a sanple
by agglutination, characterized in that the sample Eaéer—stu¢§ is mixed
with a reagent according to any one of the preceding Claims and it
is observed whether agglutination occurs.

8. Method according to Claim 7 in which the sample is
a sample of a blood culture.
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