
-

5 

, 
- I -

of St:"'!phl•loc"ccu::= ;.rn1::..=..1.1..:'.!. :>y a:~:;l•!tb~ition. 

\.'arion~ .. te::·~~nts ar<: ;~ 1 rE>t:hl;· ·~no~·n for the <l~tcctil)n of .. 
~.t<1pi1ylococcns aoreus. Th('sc·? re::i:.;-er:ts •1rr: ;,aseJ ,)n the ser-irc:1 for 

eit;1er protein ,\ of Sta;>1iylococcus or t\e affinity factor for 

fibrino~en, or both sii-1ultn•ieuusly. 

Protein ,\ is (-In 1:rnti:.;en of !ffOt;~in n:'1ture, an ext~rnal 

10 cor.ponent of the w::J.l l of the ::is.jori ty of the strains of Staphylo­

coccus aureus of human ori3in ( 35 to 95~:,). :;.y a non-i!!1munological 

processi !Jrotein r\ binds the Fe frajment ()f the immunoglobulins, 

h:aving the F'a'.:i part free. 

If strains of Staphylococcus aureus possessin3 protein 

15 A and sheep red bloo<l cells or latex particles sensitized, for 

exa1'1ple, with rabbit anti-sheep red blood cells serun are placed 

togethert an a~glutination visible to the naked eye is observed within 

a few minutes. 

The affinity factor for fibrinogen which is attached to 

20 the surface of Staphylococcus aureus reacts directly with fibrinogen. 

25 

TMs affinity factor for fibrinogen can he determined within a few 

seconds by ?lacin3 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 vs.ries from 1 to 5% when these studies are carried 

out on all of the Staphylococc;i. aureus isolated. But this percenta3e 

of failure is larger when only the strains resistant to oxacillin 

30 ~or meticillin) are taken into consideration and this percentage 

attains 25Z 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, 198G). 
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I11 a stu:ly carri.(~.J out under the direction of one of the 

inventors on 183 strains of Staphylococcus aureus isolated from patients 

in 5 hospitals in Poris and the Paris re3ion, it has been found that 

7 strai~s (4~) are not a33lutlnote(I by any of the three rea3ents used 

5 (Sta:)hysl ide ~ S.t.D.~::iurex ® anrl P8store:< ® Stnr)h). If only the 50 

strains resistant to oxncillin nre cons.i.rlered, it is found that 6 

strains ( 12%:: are falsely ne3ati.ve with the conmercial rea3ents. !ience, 

these results are in a3reei:1ent with tlhJRe described in t:1e literatm·P.. 

Two hypotheses :~1ay be envisa::_:eJ to explain the fact that 

10 sol'!"le strains of Staphylococcus aureus are not ag3lutinated by t'.1e 

commercial reagents: 

1) These strains produce protein A in 3n amount too small 

for there to be a reaction between this protein and the latex particles 

adequate to lead to bacterial agglutination. 

15 2) Protein A is produced in normal amounts, but this antigen 

as well as the affinity £actor for fibrinogen are masked hy 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 

20 latex particles produce as much protein A as the other strains. This 

result thus 1".lakes 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 t!1e 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 Fe fragment of human immunoglobulin 

30 and pepsinizecl F(ab' ) 2 fragments of anti-hu:~n Fe sheep immunoglobulins 

labelled with fluorescein) and, on the other, on the capsular 

polysaccharide {by utilizing r.iouse monoclonal antibodies of the 
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~! isoty~e specific for the capsular polysaccharide and f(ab')~ fra~ments 
~ 

of anti-1'lou~e :·; iln!"::unoglobulin goat iH1munoglohulins labelled with 

rhodami n0). Tiis study clearly showe!! that protein ;': is not exposed 

or then only :i 11 very s~mll a1:iount at the surface of the bacteris which 

5 nre not az.3lutinateu by the latex, and that th:? surface of these 

bacteria i~, on t-.i.re""other :1c:ind, totally masked by the capsular poly­

saccharide. As a control, it \·tas verified that the strains which are 

agglutinated by the latex particles do indeed display protei11 A at 

their surface. 

10 Thus, this study shows that the capsular polysaccharide 

synthesized by soae strains of Staphylococcus aureus masks all of the 

bacterium, masks the antigens capable of being recognized by the 

con~ercial reagents and thus prevents the identification of these 

strains as belonging to the Staphylococcus aureus s~ecies 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 aureu~ 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 ~he present invention is a procedure for 

30 the detection by a~glutination 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. 
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At present 11 types of cnpsular 1>olysnccilarides have been 

identified IJy csscntiaJ.ly in1;11nolo::;ical riethods. See in t!1is connection: 
,. ... :-; • }~ara:,awr-i et al., Capsular r;olysaccharides of Staphylococcus aureus 

iJ. "'"'5 2P3 I J '· " l b · J "' '-'" 11 1 - ,-. .:.• d £ r ! I ' S ·• · .!.o- .•. _Jl .P. 1\0> ins, •'J• .i1 , ant ,1 ........... a.o.J. ,_ec .. ,. e1.:i.nars 

in infectious Jise.ase. vol. 4. '3acterial vaccines. Thie1 11e Stratton. ,. 
Inc. iJew York; ~:. il. Karnkawa et al. J. Clin. ::icrobiol. 22 : l•45-447, 

1985; Somµolinsky et al., J. Clin. i:icrobiol. 22: 822-834, 1985. 

The purification and the !)iochemical and irumunological 

characterization of t~e capsular polysaccharide of type S were carried 

10 out in 1984 (J.M. Fournier et al., Infec_t. Im~:un. 45 : 87-93) an<l 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. Hicrobiol. 

15 25: 526-530, 1987, and H.J. Nelles et al., Infect. Immun. 49: 14-18, 

1985). 

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 

20 capsular polysaccharides 5 and 8 (for example R.D. Arbeit et al., Diagn. 

Nicrobiol. 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. 

3ut it is obvious that the most reliable diagnostic reagent 

contains a set of antibodies recognizing 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 

··---- -- - . -·- -·--------------
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particles or he bound to different suspensions of particles (in n 

pro port io11 of one or : ior~ types of cori1ponen t per s1.1s~)ension of 

;><'lrticl.:s:'. which 1:ir2 thim mixed to constitute the reagent. 

'l!w particles in suspension usei1 i!l t:-ie re:1gent accor<ling 

5 to tbc invention a.re. in particular latex particles such as polystyrene .. 
beads or similar particles, havin~~ preferably a size less t~ian 2 micro­

meters. As an exa:nple '.!leution mny be nade of ·~sTAPO~~ particles marketed 

by the :fo8ne-Poulenc Conpany such as 

particles of polystyrene K 109, having a diameter of 0.8 

10 micrometer, 

- particles of polystyrene having carboxyl groups, PSI 480, 

having a <liameter of 0.8 micrometer. 

>fagnetic gels may also be used such as gels of polyacrylamide 

and/or agarose containing ma3netic particles which are described in 

15 FR-A-2 334 106. Gels such as Ultro3el ® 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 

20 staphylococcus are, in particular, antibodies of the IgG class. They 

may be replaced by Fe fragments of these immunoglobulins. 

In the case of polyclonal antibodies, a human or animal 

plasma, normal or im~unized, containing these antibodies or antibodies 

purified accordin3 to standard 1'lethods 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, a human or anir.ial plasma, normal 

30 or hyperim.~unized, or fibrinogen vurified according to standard methods 

!!lay be used. 

The binding of these molecules to the particles in suspension, 

usually latex, may be accomplished in various ways: 
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- t'ie biiHli n~1 '.'1:-!Y ~>e spontaneous t!ur in~~ tl1e cours·~ of 

incubation of tbe latex partJ cles l!1 a solution containing thc:-e 

molecules, for exa::1plc :rn iric1Juation of 30 minutes at SC1°C is often 

5 - this bj.oflin:..; ccn also i.ie carr.ie<l out 1.Jy cr<;•ating a covalent .. 

lu., 

i5 

linkage L>etwc·.;n t!1e nntibodies nniJ t:1e carlioxyl.ic ~roups present on 

some of the latex particles (ESTAPOR PSI 480). It is possi!>le to use, 

for exa!:iple, a carbodiimide to estnblish the covalent linkage. 

The concentration of the Molecules to be bound to the latex 

1>artlcles, which must be deter~ined for each molecule according to 

known methods, is usually low1~r than 200 micrograms per m3 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 (ESTAPO~, K 109) is brought to a 

concentration o.E 2% ln glycine-~0.27 ;.1) - sodium chloride (0.15 >1)-

20 sodium azide (0.04 g/litte) buffer, called CGA, pH G. 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 

25 
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. 109) is brought to 

a concentration of 2% in glycine (0.17 H) - sodium chloride (0.15 i-1)-

30 sodium azide (0.04 gilitre) 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 latex. After incubation for 
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30 minutes at 37°C, the sensitize:.! latex particles are washed, then 

resuspe:-ide<l in the CGJ\ buffer containin3 0. e of bovine serum albumin. 

c~ Preparation of the reasent. 

T'.!e suspension obt<-Jlnc:tl in .:i nncJ t]ie suspension obtained 

5 j:·1 0 are :::i:xed i~·-e"'lUal proportions to constitute the reagent. 

10 

:Sxnrr!ple 2 

One \·.'Orks as in ex1r·1ple 1 lmt by us.ing in step b a mixture 

of ~onoclonal antibodies recognizins specifically the polysacch11rides 

of types 8 and S. 

F'or this purpose a suspension of Estapor latex (ref. K 109) 

at a concentration of 4% in 0.15 ;!flitre glycinet 0.15 ~.J/litre NaCl 

buffer t p~-! 8. 2 (G~{' is r:iixed to a volmri.':! of m: buff er containing a 

mixture of anti-type 5 and anti-type 8 monoclonal antibody in equal 

proportions at a final concentration of 1 m~/~1. TIJis mixture is 

15 incubated for 1/2 hour at 37°C with shaking. 

A volume of this sensitized latex is !11.ixed with GN buffer 

containing 3 mg/ml of bovine albumin and 0.04 g/l of sodium azide. 

This mixture is incubated for l/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.. 

25 

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 

:;>olysaccharides 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 

30 out with 183 strains of Staphylococcus aureus isolated from patients. 

Whereas the co!:.lmercial reagent only agglutinates 176 of the 183 strainst 

the reagent prepared accord_ing to example 2 agglutinates the 183 

strains. Furthermoret the rapidity and intensity of the agglutination 
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of U1e str::iins which ~-1cre <llready a~;:.;lut inated b:,• the co:a:1erciul rea2ent 

ore very 1:1<.lrkedly fo1prove<l :)y the uLilization of the reagent prepared 

occordin3 to exn~ple 2. 

'fht:> :cea3enls nccordin;:; lo the invention imly :.,e used for a 

5 rapid iclenti f icl:!~i.Q+t of the _?taphy~ococcus mireus_ species by 

ag3lutination: 

IJ 

- before isolation of the bacterium: 

in a biolo3ical f lui<l 

(secretion, suppurRtion, etc ••• ), 

in a culture ;ae<l i um 

(oloo<l culture, etc •.. ), 

- after isolation of the bacterium. 

The reaaents accordin3 to the invention make it possible 

to recognize all of the strains of Staphylococcus aureus which are 

15 not recognized by existin3 a3glutinating reagents presently on the 

market and ar:iong which the strains resistant to oxacillin predominate. 

They thus possess major inportance - in view of tr1e problems which 

these strains, which are also !!lost often multiresistant, pose. 
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1. Heaeent for the~ dctcct:i.on l:y a3glutination of 

Staµhylococcus aureus, of t!1e typt~ containin~ pnrt:i.cles in suspension 

t.o which are i.iouncl :mtiooilie~ reco:::,n.izc~d by affinity uy protein A of 

5 t:1e staphylococcus e,od by fil>rinogen, charncteri%:ed in t'.mt il contains ....... 
~n~rticles in suspeusion to '"ldcl1 are botm<! at least one antibo~y 

recognizing specifically u capsular polysaccharide of Staphylococcus 

aureus. 

2. ~\eagent according to Claim 1, characterized in that the 

10 antibodies recognizing a capsular polysacchuriJe of Staphylococcus 

aureus are antibodies recognizing a capsular polysaccharide of type 

5 or 8. 

15 

3. Reagent according to Clai::1 2, characterized in that the 

antibodies recognizin3 a capsular polysaccharide of Staphylococcus 

aureus are simultaneously antibodies reco3nizins a capsular 

polysaccharide of type 5 and antibodies recognizing a capsular 

polysaccharide 0£ 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 ·sta:@Ylococcus ·aureus in a san:ple 

by agslutination, characterizea in that the sar;~ple under study is mixed 

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

is observed whether agglutination occurs. 

9. Method accorcling to Claim 8 in which the sample is 

a sample of a blood culture~ 


