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Recently Tillett and Garner (1) have demon-
strated that broth cultures of hemolytic strepto-
cocci of human origin rapidly liquefy the fibrin-
clot of human plasma. Cultures of other species
of bacteria obtained from human beings fail to
exhibit this property. Tillett, Edwards and
Garner (2) further found that the plasma clot
from patients convalescent from acute hemolytic
streptococcal infections was highly resistant to
the action of broth cultures of a human hemo-
lytic streptococcus. The observations of Tillett
and his coworkers were confirmed by Hadfield,
Magee and Perry (3).

Previously, we (4, 5, 6) have studied groups
of patients with rheumatic fever and rheumatoid
arthritis to determine what, if any, relationship
exists between streptococcal infection and these
diseases. In continuing these studies, we have
determined the resistance to fibrinolysis of the
blood plasma of patients with rheumatic fever
and rheumatoid arthritis and of control groups
of patients.

METHODSOF STUDY

All patients were studied while in the hospital.
The methods employed in the determination of
the resistance to fibrinolysis of blood plasma fol-
lowed closely the method described by Tillett and
his coworkers (1, 2).

At weekly intervals 5 cc. of blood were col-
lected. Potassium oxalate, 0.01 gram per 5 cc.
of blood, was employed as an anticoagulant. The
plasma was separated by centrifugalization and
was used within two hours after its withdrawal.

A strain of the hemolytic streptococcus supplied
by Dr. Tillett and designated as CO was em-
ployed in all the tests. Freshly grown 18 to 24-

1 This investigation was aided in part by a grant from
the Proctor Fund of the Harvard Medical School for
the Study of Chronic Diseases.

hour cultures of this organism were grown in veal
muscle infusion broth, adjusted to a pH of 7.2
and containing one per cent of peptone and 0.2
per cent of Na2HPO4.

To 0.2 cc. of fresh oxalated plasma was added
0.8 cc. of sterile physiological salt solution. To
this 0.5 cc. of a fresh broth culture of the CO
strain of the hemolytic streptococcus was added
and well mixed. Then 0.25 cc. of a 0.25 per
cent sterile solution of CaCl2 was added and well
mixed. The tubes were placed immediately in
a water bath at 37.5° C. With repeated observa-
tions the times of solid coagulation and, finally,
complete dissolution of the clot were recorded.
All tests in which the plasma clot was resistant
to dissolution after 24 hours' incubation were arbi-
trarily terminated.

The classification of the degree of resistance of
the plasma clot as suggested by Tillett, Edwards
and Garner (2) was followed. The highest de-
gree of resistance shown by a patient's plasma
during the period of observation was utilized in
the classification shown in Table I.

RESULTS

Determinations of the resistance to fibrinolysis
of 520 samples of plasma from 135 individuals
were made. Their ages varied between thirteen
and seventy years. No correlation could be es-
tablished between the age of the individual and
the ability to develop resistance to fibrinolysis.

The plasmas from groups of individuals with-
out evidence of hemolytic streptococcal infection
were studied. Samples of plasma from fourteen
apparently normal laboratory workers were fol-
lowed at frequent intervals for several months.
A group of twenty-two patients with pulmonary
tuberculosis, lobar pneumonia, herpes zoster and
lung abscess were studied on fifty-one occasions.
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TABLE I

Results of fibrinolytic tests with the plasma dot

Maximum Marked Definite Suscepti- High sus-
resistance resistance resistance bility, ceptibility

Dissolution time (no dis- (dissolu- (dissolu- (dissolu- (dissolu-
Num- Num- solution tion in tion in tion in tion before
ber of ber of in 24 8 to 24 1 to 8 30 to 60 30

patients tests hours). hours). hours). minutes). minutes).
. - Number Number Number Number Number

Mini- Maxi- Aver- of of of of Of
mum mum age patients patients patients patients patients

Normal individuals ... 14 69 14' 50 21' 10 2' 0 0 8 4 2
Infections not caused by

hemolytic streptococci. 22 51 19' 240 40 30' 2 0 13 6 1
Gonococcal arthritis ..... 6 30 12' 240 s5 47' 2 0 3 1 0
Erysipelas. . . . . 25 72 18' 240 180 15' 22 0 2 1 0
Other acute hemolytic

streptococcal infections 16 39 50' 240 160 17' 11 2 3 0 0
Acute glomerular nephri-

tis ................. 4 13 10 23' 120 60 24' 0 2 2 0 0
Subacute bacterial endo-

carditis .............. 3 8 13' 240 110 38' 2* 0 0 0 it
Rheumatic fever ........ 34 195 7' 240 190 14' 29 2 2 0 1
Rheumatoid (atrophic)

arthritis ............. 11 43 14' 240 60 11' 2 0 5 2 2

Total . 135 520

* Associated with Streptococcus viridans.
t Associated with an indifferent streptococcus.

In addition, thirty samples of plasma from six
patients with gonococcal arthritis were tested.
The results of the tests of the plasma of these
forty-two individuals are summarized in Table I.

From time to time relatively small variations
were noted in the time of dissolution of the plasma
clot of normal individuals. Such fluctuations
were probably due to variations in the concentra-
tion of the fibrinolysin in the cultures. The em-
ployment of samples of plasma from the same
individual repeatedly in each set of tests served as
a satisfactory control. It was unusual to obtain
a result which showed more than "definite re-
sistance " to fibrinolysis in the control group. In
but four, or 9.5 per cent, of the whole group of
individuals without evidence of infection with the
hemolytic streptococcus did any samples of plasma
show great resistance to fibrinolysis.

For comparison with normal individuals and
those with rheumatic fever and rheumatoid arthri-
tis, the effect of acute infection with the hemo-
lytic streptococcus on the resistance to fibrinolysis
was studied. In Table I is a summary of the
results of seventy-two tests done on the plasma
from sixteen patients with other acute hemolytic
streptococcal infections such as acute tonsillitis
and acute otitis media.

"Maximum resistance" and "marked resist-
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FIG. 1. THE CHANGESIN THE DISSOLUTION TIME OF
THE PLASMA CLOT OF THREE PATIENTS WITH ERY-
SIPELAS.

ance " was encountered in thirty-three, or 80.5
per cent, of these forty-one patients. Changes
in the resistance to fibrinolysis were observed in
many of these patients. Such changes are shown
in Figure 1. Ten patients with erysipelas were
tested whose plasma clot repeatedly remained re-
sistant to fibrinolysis after twenty-four hours.
In nine patients the resistance was observed to
increase during the early period of the illness,
later to remain undissolved after twenty-four
hours. Three additional patients with erysipelas
showed moderate or slight decrease in the resist-

. I
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ance of their plasma clot to dissolution. Similar
observations were noted in patients with other
hemolytic streptococcal infections. Figure 2
shows the results of repeated studies of the resist-
ance of the plasma of a patient with an acute
tonsillitis. It is of interest to note that a few
patients with undoubted infection with the hemo-
lytic streptococcus failed to develop an enhanced
resistance to fibrinolysis during or subsequent to
their illness.
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FIG. 2. THE CHANGESIN THE DISSOLUTION TIME OF
THE PLASMA CLOT OF A PATIENT wrrH AcuTE TON-
SILLIMS.

Tests were done on four patients with acute
glomerular nephritis associated with infection
with hemolytic streptococci. The plasma of none
of these patients had " maximum resistance " to
fibrinolysis.

Of the three patients with subacute bacterial
endocarditis the plasma of two, from whose blood
a streptococcus viridans was cultured, showed
"maximum resistance" to fibrinolysis. From
the third patient an " indifferent" streptococcus
was obtained; the plasma of this patient was re-
peatedly highly susceptible to fibrinolysis.

One hundred and ninety-five samples of plasma
from thirty-four patients with undoubted active
rheumatic fever were tested. The results of
these tests are summarized in Table I. Seven-
teen of the thirty-four patients gave adequate evi-
dence for considering their illnesses as exacerba-
tions of the rheumatic process. Twenty-eight of
the thirty-four patients were studied at weekly in-
tervals for four weeks or longer.

In twenty-nine of these patients, or 85.3 per
cent, "maximum resistance'' was encountered.

In Figure 3 are illustrated the results obtained
in three illustrative patients. Of these twenty-
nine patients, twenty were studied for periods
varying between five and fifteen weeks. The
samples of plasma from thirteen of the twenty
patients were resistant to fibrinolysis for twenty-
four hours persistently; Curve Number 1 in Fig-
ure 3 is an example of this group. Five addi-
tional patients showed variation in the resistance
of their plasma as is illustrated by Curve No. 2
in Figure 3. In each of these the plasma resisted
fibrinolysis for twenty-four hours when the pa-
tient was first seen and later dissolution was ob-
served within the twenty-four hour period. In
but one patient was the earlier sample of plasma
dissolved after two and one-half hours; at all sub-
sequent tests it remained unchanged after twenty-
four hours, as had been observed in the acute
hemolytic streptococcal infections.
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FIG. 3. THE CHANGESIN THE DISSOLUTION TIME OF
THE PLASMA CLOT OF THREE PATIENTS WITH RHEU-
MATIC FEVER.

As in patients with hemolytic streptococcal in-
fections a few patients with rheumatic fever
failed to show an enhanced resistance to fibrino-
lysis, even when followed for several weeks. The
results of the tests of the plasma of one such pa-
tient are given in Figure 3.

Evidence was obtained in twenty-nine of the
thirty-four patients of infection with the hemolytic
streptococcus, either from a history of such an
infection from one to eight weeks previous to, or
as a result of, bacteriological studies at the time
of the first anti-fibrinolytic test. In two patients
whose plasma showed "maximum resistance"
and in one each of those who are classified as
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showing "marked resistance," "definite resist-
ance." and " high susceptibility," respectively, evi-
dence of infection by the hemolytic streptococcus
was lacking; there was no history or signs of
such an infection and throat cultures did not re-
veal hemolytic streptococci.

In the eleven patients with active joint disease
due to rheumatoid arthritis, forty-three samples
of plasma were tested. The results are summar-
ized in Table I. Of the two patients, samples of
whose plasma were resistant to fibrinolysis for
twenty-four hours, one was followed during an
attack of acute sinusitis. Before the onset of the
sinus infection the fibrin-clot was dissolved in
two hours; the fibrin-clot became and remained
resistant for twenty-four hours during the six
weeks of observation. The observation of the
antifibrinolytic properties of the plasma of these
eleven patients was similar to the results obtained
in the groups of individuals without infection with
the hemolytic streptococcus.

COMMENTS

From the data presented, certain deductions are
justifiable. It is evident that the blood plasma
of normal individuals and patients without evi-
dence of hemolytic streptococcal infection may
contain antifibrinolysin in varying amounts. In
a few individuals with infections due to micro-
organisms other than the hemolytic streptococcus,
the resistance of the blood plasma to fibrinolysis
may be high. In view of the observations that
enhanced resistance to fibrinolysis may persist for
an indeterminate time following a hemolytic
streptococcal infection, it is possible that the pa-
tients with a high resistance may have had a pre-
vious hemolytic streptococcal infection some
weeks before examination, in spite of the negative
history. In the main, these results are in agree-
ment with the observations of Tillett, Edwards
and Garner (2) and Hadfield, Magee and Perry
(3).

The blood plasma from patients with recent
hemolytic streptococcal infections is generally
much more resistant to fibrinolysis than that from
control groups of patients. The variations ob-
served are probably due to inherent differences
in the reaction of the individual or to the varia-
tion in the ability of the infecting organism to call
forth antifibrinolysins in man. That there are

differences in the various strains of hemolytic
streptococcus, depending upon their source and
cultural characteristics, has been emphasized by
Tillett (7), De Venter and Reich (8) and Had-
field, Magee and Perry (3). Inasmuch as dif-
ferent strains of hemolytic streptococci vary in
their capacity to produce substances such as hemo-
lysin and toxin, it is not surprising that they show
differences in their fibrinolysin production.

We believe that the antifibrinolysis is an im-
mune response to infection by hemolytic strepto-
cocci which are capable of producing fibrinolysin.
The ability of these organisms to produce fibrino-
lysis may explain in part why the hemolytic strep-
tococcus is so invasive in character, and it most
certainly explains the character of the exudate
that is seen early in the course of hemolytic strep-
tococcal infection.

In view of the frequency with which rheumatic
fever was preceded by infection with the hemo-
lytic streptococcus in these cases, it was not sur-
prising that the plasma from patients with rheu-
matic fever showed an enhanced resistance to
fibrinolysis. The results in this group of pa-
tients with rheumatic fever here studied are in
close agreement with those observed in patients
with acute hemolytic streptococcal infection.

The plasma of patients with active rheumatoid
arthritis gave results in all respects similar to that
observed in patients without hemolytic streptococ-
cal infection. In but one patient was there evi-
dence of active infection by the hemolytic strep-
tococcus. It would seem that the disease process
in the majority of these patients was not asso-
ciated or preceded by an active hemolytic strep-
tococcal infection.

SUMMARYAND CONCLUSIONS

1. The plasma of patients with proven hemo-
lytic streptococcal infection is more highly re-
sistant to fibrinolysis than plasma from normal
individuals and patients with infection caused by
other microorganisms.

2. The resistance to fibrinolysis of the plasma
of patients with rheumatic fever is comparable
to that observed in patients with erysipelas and
other acute hemolytic streptococcal infections.

3. Rheumatoid (atrophic) arthritis is not ac-
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companied by an increase in the antifibrinolytic
property of the plasma.

We acknowledge our thanks to Miss Marjorie Jewell
and Miss Eleanor Fleming for technical assistance.
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