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Staphylococci possessing clumping factor 
form clumps visible with the naked eye when 
mixed with a solution containing fibrinogen 
or its derivatives. Staphylococcal clumping 
factor is a polypeptide bound to the staphylo- 
coccal cell wall (1 ) .  As a paracoagulating 
agent distinct from staphylocoagulase, it in- 
teracts with fibrinogen, fibrin monomers and 
degradation products of fibrinogen and fibrin 
( 1-4). By means of the staphylococcal 
clumping reaction i t  is possible to detect 
fibrinogen and its derivaties in biological ma- 
terials. The reaction is very sensitive and 
permits one to detect as little as 0.03 pg of 
fibrinogen ( 4 ) .  

The clumping phenomenon may play a 
role in the development of experimental staph- 
ylococcal infection ( 5 ) .  Nonencapsulated 
strains of Staphylococcus aureus inoculated 
into the mouse peritoneal cavity are clumped 
and leukocytes adhere to the clumps of bac- 
teria localizing the infection ( 5 ) .  However, 
the nature of the material responsible for the 
staphyIococca1 clumping reaction in inflam- 
matory exudate remains undefined. I t  has 
been observed for some time that inflamma- 
tory exudate transferred from a body cavity 
into a glass tube forms a clot ( 6 ) .  This clot- 
ting may indicate that fibrinogen is present 
and that activation of the clotting mechanism 
has occurred. Morphologic evidence suggests 
that fibrin deposits a t  an inflammatory site 
are resolved (6-8). Therefore activation of 
fibrinolysis must occur in inflammatory ex- 
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udates and degradation products of fibrin 
should also be generated. However, evidence 
for their presence is currently lacking. 

The purpose of the present study was to 
determine what is the nature of the material 
causing staphylococcal clumping in inflam- 
matory exudates and what its relationship is 
to polymorphonuclear leukocytes which con- 
stitute an important cellular component of 
inflammatory fluid. The data suggest that 
fibrinogen is not solely responsible for the 
staphylococcal clumping reaction in rabbit 
peritoneal exudate. Degradation products of 
fibrinogen and fibrin were demonstrated in 
the exudate and were also found in a subcel- 
lular fraction of exudative leukocytes. These 
degradation products contribute substantially 
to the clumping of staphylococci in inflam- 
matory fluids. 

Material and Methods. Rabbit peritoneal 
exudate. Exudate was induced in New 
Zealand white rabbits weighing 2.5-3.0 kg by 
the intraperitoneal injection of 0.15 % gly- 
cogen in saline. Exudate was collected after 
16 hr in citric acid-dextrose solution con- 
taining 360 mg of aminocaproic acid 
(EACA)J100 ml of exudate. I n  experiments 
involving proteolytic digestion of exudate by 
trypsin or plasmin EACA was omitted. The 
cellular portion of the exudate containing 
more than 95% PMN leukocytes was sepa- 
rated by centrifugation at 250g for 5 min, 
and the remaining supernatant was desig- 
nated “peritoneal exudate.” The cellular pel- 
let was washed twice with modified Hank’s 
solution containing glucose, albumin, hepar- 
in, and EACA. The pellet was then suspend- 
ed in 7.5 ml of 0.34 M sucrose containing 24 
mg of EACA and the cells were disrupted by 
sonication for 15 sec with a Branson Sonifier 
Model SllO equipped with a microtip 5.5 x 
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FIG. 1. Staphylococcal clumping in peritoneal exudate: Control represents native material with 
buffer. The effect of thrombin was examined after incubation' of exudate wi,th 'thrombin (100 U/l 
ml of exudate) for 2 hr at  37" and separation of the dot .  The effiect of temperature was 
determined after heating of exudate as the given temperature for 10 min. The effect of proteoIysis 
was examined after incubation of exudate with trypsin (0.2 mg/ml) a t  pH 1.4 f,or 1 hr at  37'. 
Soybean trypsin inhibitor was used in a 'concentration of 0.2 mglml. 

0.125 in. and operated at  3 A. After sonication 
leukocytes were fractionated by differential 
centrifugation (9). Finally, the 8200g super- 
natant representing cytoplasmic constituents 
was designated as "the cytoplasmic fraction." 

Staphylococcal clumping test. The pre- 
sence of material reacting with staphylo- 
coccal clumping factor was determined quan- 
titatively by the staphylococcal clumping test 
(slide method) according to the procedure 
described by Hawiger et al. (4). 

Other methods. Double diffusion studies in 
agarose gel were performed according to the 
microtechnique described by Wadswo'rth 
( 10). Fibrinogen was determined according 
to the method of Quick (11). Protein in 
trichloroacetic acid-insoluble fractions was 
determined by the method of Lowry et al. 
(12)  with crystalline bovine albumin (Ar- 
mour Pharmaceutical Co.) as a standard. 
Rabbit fibrinogen was obtained commercially 
from Nutritional Biochemicals Corp. An- 
tirabbit fibrinogen serum was obtained from 
Cappel Laboratories, Dowingtown, Pa. The 
antiserum was adsorbed with normal rabbit 
serum according to the procedure described 
by Marder et al. (13). Thrombin (bovine 
origin) was obtained from Parke, Davis and 
Co. Plasmin was purchased from Novo Labo- 
ratories, Copenhagen, Denmark. Amino- 
caproic acid was obtained from Lederle Labo- 
ratories. Trypsin, 2 x crystallized, was sup- 
plied by the Worthington Biochemical Corpo- 

ration. Soybean trypsin inhibitor was sup- 
plied by Sigma Chemical Co. 

Results. The experimental model for 
inflammatory exudate consisted of sterile 
PMN leukocyte-rich fluid collected from the 
rabbit peritoneal cavity. The protein content 
of the exudates averaged 120 mg/100 ml and 
the fibrinogen level of these exudates was 
approximately 30 mg/lOO ml. 

When staphylococci were added to peri- 
toneal exudate, the clumping reaction oc- 
curred. Figure 1 shows the effect of throm- 
bin, temperature, and proteolysis on the sta- 
phylococcal clumping titer in peritoneal ex- 
udate. The highest dilution of peritoneal ex- 
udate giving a positive clumping reaction av- 
eraged 400 (see Fig. 1, control). As noted, 
addition of thrombin lowered the clumping 
titer to one-half of its initial value. Removal 
of fibrinogen by thermal denaturation at  56" 
for 10 min caused a similar decrease in the 
clumping titer. This indicated that other ma- 
terials besides fibrinogen were also responsi- 
ble for staphylococcal clumping in peritoneal 
exudate. The remaining material was sensi- 
tive to heating at  60' and destroyed by the 
proteolytic action of trysin. Addition of soy- 
bean trypsin inhibitor (STI) to trypsin pre- 
vented the destruction of the material 
causing staphylococcal clumping. 

To elucidate whether such material was 
derived from fibrinogen and/or fibrin, double 
diffusion tests with antirabbit fibrinogen 
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FIG. 2. Double diffusion in agarose gel with antirabbit fibrinogen: Antirabbit fibrinogen serum 
was applied in the center well and the test material around this in five different wells: undiluted, 
1:2,  1:4, 1:8, and 1:16 (clockwise from top). Reactions were allowed to develop for 2 days at 
room temperature and then were made visible by staining with Buffalo black NBR. (1)  rabbit 
fibrinogen ; ( 2 )  peritoneal exudate ; ( 3 )  peritoneal exudate treated with thrombin ; (4) cytoplasmic 
fraction of PMN leukocytes. 

serum were performed. As shown in Fig. 2, 
antifibrinogen serum reacted with 0.3 % rab- 
bit fibrinogen used as a control, when the 
fibrinogen solution was diluted up to 16 times. 
The reaction between peritoneal exudate 
and fibrinogen antiserum was less marked, 
occurring on the average at  a 1:4 dilution of 
exudate. After addition of thrombin to peri- 
toneal exudate and separation of clot, the 
remaining material was concentrated twofold 
by ultrafiltration and was tested with fibrino- 
gen antiserum. Precipitation lines were ob- 
tained with this concentrated material. Thus, 
the non-clottable material in peritoneal ex- 
udate exhibited an antigenic relationship with 
fibrinogen . 

Since polymorphonuclear leukocytes con- 
stitute the major cellular component of the 
peritoneal exudate employed in these studies, 
and such cells have been observed to phago- 
cytize fibrin ( 7 ,  8),  experiments were per- 
formed to ascertain whether fibrinogen de- 
rivatives like those formed in exudate were 
also present in the cytoplasm of exudative 
leukocytes. As shown in Fig. 3, a cytoplasmic 
fraction of PMN leukocytes contained mate- 
rial causing staphylococcal clumping but at a 
lower titer than exudate. Addition of throm- 
bin to this material did not induce formation 
of a clot or change in the clumping titer. The 
substrate for staphylococcal clumping pre- 
sent in the cytoplasmic fraction of PMN 
leukocytes was partially sensitive to heating 
at  56' and inactivated at 60". Proteolysis by 
trypsin completely destroyed it and plasmin 

partially digested it. Soybean trypsin inhibi- 
tor protected the material from proteolytic 
digestion by trypsin and plasmin. A cytoplas- 
mic fraction of exudative leukocytes was 
tested for its reactivity with antirabbit 
fibrinogen serum in double diffusion tests. 
After fourfold concentration of the tested 
fraction a precipitation line was obtained in- 
dicating that the cytoplasmic fraction of ex- 
udative leukocytes contained fibrinogen de- 
rivatives similar to those present in peritone- 
al exudate (Fig. 2) .  

To demonstrate the specificity of the sta- 
phylococcal clumping reaction observed in 
the cytoplasmic fraction of PMN leukocytes, 
several clumping factor-positive strains and a 
clumping factor-negative strain were tested. 
Table I shows that the staphylococcal 
clumping reaction was positive only when 
strains possessing clumping factor were uti- 
lized. Staphylocoagulase did not contribute to 
the clumping phenomenon because strain 
Smith diffuse produces coagulase, does not 

TABLE I. Specificity of Staphylococcal Clumping 
Reaction in a Cytoplasmic Fraction of PMN 

Leukocytes." 

Staphylococcnl Clumping Clumping 
strain Coagulase factor reaction 

Newman + + + + + Newman D,C - 
Smith diffuse + - - 

- - - Zak 

fc +, positive ; -, negative. 
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possess clumping factor, and was not 
clumped. I t  is thus apparent that the staphy- 
lococcal clumping phenomenon in a cytoplas- 
mic fraction of PMN leukocytes is specific 
for staphylococcal clumping factor. 

Discussion. Although the presence of 
fibrinogen and fibrin i’n inflammatory foci has 
been appreciated for a long time (6 ) ,  the 
degradation products of fibrinogen and fibrin 
have not been previously shown as distinct 
components of inlflammatory exudates. This 
was primarily due to the fact that fibrinogen 
and its derivatives possess similar antigenic 
determinants and a common ability to clump 
staphylococci. However, they differ in their 
clottability by thrombin and their sensitivity 
to temperature. These differences were uti- 
lized in the present study. The demonstration 
that rabbit peritoneal exudate contains in ad- 
dition to fibrinogen, material not clottable by 
thrombin, but possessing antigenic determi- 
nants of fibrinogen, and causing staphylococ- 
cal clumping, indicates that this material rep- 
resents degradation products of fibrinogen 
and/or fibrin. 

I t  is known that staphylococcal clumping 
is caused by degradation products formed 
during the early stages of proteolytic diges- 
tion of fibrinogen and fibrin (4).  Such pro- 
ducts consist of Fragments X and Y (13). In  
contrast, degradation products obtained af- 
ter prolonged digestion of fibrinogen by plas- 
min (Fragments D and E) do not clump 
staphylococci. However, such “late” products 
can form complexes with fibrin monomers 
which are not clottable by thrombin, but 
which can clump staphylococci (4, 14). 
Thus, it is conceivable that peritoneal ex- 

udate may contain several types of degrada- 
tion products of fibrinogen and fibrin. 

Fibrin degradation products are generated 
as a result of fibrinolysis. Active resolution of 
fibrin was observed in inflammmatory ex- 
udates by Opie in 1907 (6 ) .  He attributed 
this phenomenon to proteolytic enzymes 
called leukoproteases which he felt were re- 
leased from polymorphonuclear leukocytes. 
Later it was found that PMN leukocytes were 
the source of plasminogen indicating that 
inflammatory exudates were well equipped for 
the local activation of fibrinolysis (15, 16). 
Thus, fibrin deposited in inflammatory foci 
can be degraded and may be engulfed by 
phagocytic cells. It has been shown by immu- 
nofluorescent techniques that PMN leu- 
kocytes engaged in the resolution of fibrin in 
inflammatory foci contain material reacting 
with antifibrinogen serum (7, 8) .  The present 
demonstration that fibrin degradation pro- 
ducts are present in a cytoplasmic fraction of 
PMN leukocytes identifies this material as 
fragments of degraded fibrin, and provides 
further evidence that phagocytic cells active- 
ly participate in the degradation of fibrin. 

Active phagocytic clearance of circulating 
fragments of fibrin has been also demonstrat- 
ed in Kupffer cells of the liver (17, 18). 
Impairment of the phagocytic function of the 
reticuloendothelial system has been shown 
to lead to intravascular deposition of fibrin 
(19). A similar phenomenon may occur at  
local inflammatory sites when polymorphonu- 
clear leukocytes are unable (possibly because 
of the deleterious effect of cytotoxic drugs, 
corticosteroids, or radiation therapy) to 
phagocytize degradation products of fibrin: 
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Moreover, destruction of PMN leukocytes 
may release strongly cationic lysosomal pro- 
teins which cause nonenzymatic precipitation 
of fibrinogen derivates (20) thus leading to 
secondary deposition of fibrin-like material in 
inflammatory foci. 

Staphylococcal clumping reaction rep- 
resents a valuable tool for the study of 
fibrinogen and fibrin degradation products in 
inflammatory exudates. The extent of staphy- 
lococcal clumping cannot be interpreted sole- 
ly as a measure of fibrinogen content as pre- 
ciously proposed by Duthie (1) and Kapral 
( 5 ) .  Degradation products of fibrinogen and 
fibrin are present in peritoneal exudates, 
serve as substrates for the staphylococcal 
clumping reaction, and their level can be 
determined only after clotting of the fibrino- 
gen in the exudate with a potent solution of 
thrombin. The presence of these degradation 
products of fibrinogen and fibrin causing sta- 
phylococcal clumping indicates that fibrino- 
lytic mechanisms are functional in inflamma- 
tory foci. 

Summary. Sterile peritoneal exudate in- 
duced in rabbits by infusion of glycogen was 
found to contain a material causing staphylo- 
coccal clumping. Removal of fibrinogen from 
the exudate partially diminished the clump- 
ing titer. The remaining active material 
was not clottable by thrombin, evoked a 
precipitation line with antifibrinogen serum 
in double gel diffusion tests, and was sensitive 
to heating at  60'. A similar material interact- 
ing with staphylococci possessing clumping 
factor was detected in a cytoplasmic fraction 
(82OOg supernatant) of PMN leukocytes. 
These data indicate that rabbit peritoneal 
exudate contains not only fibrinogen but its 
derivatives. Such derivatives are also present 
in exudative leukocytes probably due to the 
phagocytosis and digestion of fibrin. The 
presence of degradation products of fibrino- 
gen and fibrin in exudative fluid reflects local 

activation of fibrinolysis in inflammatory 
foci. 
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