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Thulin (1-3) has recently reported an agglu-
tination test, using human serum and hemolytic
streptococci which had been treated at a high tem-
perature. He found that in human sera the ag-
glutination titers were significantly higher in sam-
ples from patients with rheumatic fever and with
rheumatoid arthritis than in others and that the
titers observed in both diseases were similar. This
test would seem to offer an unusually simple tech-
nique for the measurement of antibodies which oc-
cur in active streptococcal diseases and in rheuma-
toid arthritis. Many streptococcal agglutination
tests have been described and proposed in the
past, but the principle of subjecting the bacterial
suspension to a temperature of 1200 C prior to
its use as an agglutinogen (4), is a new suggestion
insofar as its clinical application for the study of
streptococcal diseases is concerned; for this reason
alone it has seemed to deserve further investiga-
tion.

It is the purpose of this paper therefore to re-
port confirmation of Thulin's observation that sera
from patients with rheumatic fever and rheumatoid
arthritis agglutinate autoclaved streptococci and
to present the results of further investigations
utilizing this technique.

MATERIALS AND METHODS

1) Preparation of bacterial suspension. The hemo-
lytic streptococcus 3 used throughout the present work
was a strain of Group A Type 4. Cultures were made
with beef heart infusion broth containing either 0.5% calf
serum or 1% glucose; after incubation at 370 C for 15
to 18 hours, the bacterial cells were collected by cen-
trifugation and washed once with phosphate buffer solu-
tion (0.01 M) at pH 7.8. The cells were then resus-
pended in the buffer and autoclaved at a temperature of

'Aided by a grant from the Life Insurance Medical
Research Fund.

2Milbank Memorial Fund Fellow.
3 The term ''hemolytic streptococcus" throughout this

paper refers to the Lancefield Group A beta-hemolytic
streptococcus, unless stated otherwise.

1200 C for two hours. The heat-treated cells were then
washed twice with the buffer (pH 7.8). Finally, a heavy
suspension of the autoclaved bacteria was made in a
small volume of physiological saline, buffered with 0.01 M
phosphate to pH 7. Tests done with unbuffered saline
prepared from laboratory-distilled water, which was found
to have a pH of about 5 to 6, gave non-specific agglu-
tination.

For the agglutination test, the bacterial suspension was
diluted to a concentration of about 100 million organisms
per milliliter by comparison with a barium sulphate
standard, containing a third of the strength of the No. 1
tube of the Brown's standard (5, 6). The undiluted
bacterial suspension was usually not kept longer than
one week in the refrigerator at a temperature of 40 C.
Diluted suspensions were freshly made for each test from
the stock.

2) Serum. Samples of serum were obtained from pa-
tients suffering from rheumatic fever of varying severity
and at different stages of their illness; from patients
with scarlet fever or other bacteriologically proven strep-
tococcal diseases taken during active and convalescent
stages of their illness; from patients affected by rheu-
matoid arthritis, taken at various stages of the disease;
from individuals with a wide variety of ailments other
than the above three; and from "normal" subjects.4 All
the samples of serum were stored at - 170 C and were
not heated before being tested.

3) The agglutination technique. Serial two-fold dilu-
tions of serum were made with buffered saline (pH 7),
starting from 1: 20. To 0.2 ml of serum dilution in each
tube an equal volume of the bacterial suspension was
added. Therefore, the final dilutions of each serum
tested ranged from 1: 40.

After the addition of the cells to the serum, the tubes
were shaken, incubated in a 520 C waterbath for two
hours and left in the refrigerator at 40 C for a period of
15 to 18 hours. A longer time in the refrigerator tended
to give rise to excessively high titers, while too short a
period resulted in low titers. When the test was read,
the individual tubes were gently shaken and then read

4 The serum samples were collected and generously
made available by Dr. Robert W. Quinn from the pa-
tients in the Grace-New Haven Community Hospital and
Dispensary Clinics, New Haven, Conn., the U. S. Naval
Hospital, St. Albans, L. I., St. Francis Sanatorium for
Cardiac Children, Roselyn, L. I., the Children's Center,
New Haven, Conn., and Southbury Training Center,
Southbury, Conn.

331



SUNG J. LIAO

against a black background, without the aid of a hand
lens. The presence of sandy granules which were not
broken into a homogeneous suspension by the shaking
was considered as definite agglutination. The final dilu-
tion of the serum in the last tube of the series which
showed definite agglutination was taken as the agglutina-
tion titer of the sample.

4) Calculations. In this agglutination test, two-fold
dilutions of serum were used and the final dilution of
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serum was adopted for the agglutination titer of the
sample. This serial two-fold dilution of serum forms a
geometric series with a common ratio of 1: 2. To ob-
tain a geometric mean from numericals of the dilutions
is not too easy a job. If it could be converted into an
arithmetic series, the task would then not be difficult.
The series of dilutions of serum starts with 1: 40. Here
40 = 20 X 2'. The next tube contains a dilution of serum
of 1: 80, where 80 = 20 X 2'. The third tube contains a
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FIG. 1. DISTRIBUTION OF AGGLUTINATION TITERS OF THE FIVE GROUPSOF HUMANSERUM
A. Serum from patients with rheumatic fever. (311 samples, mean titer 1: 646.)
B. Serum from patients with rheumatoid arthritis. (50 samples, mean titer 1: 614.)
C Serum from patients with "streptococcal diseases." (75 samples, mean titer 1: 474.)
D. Serum from patients with "other" diseases. (137 samples, mean titer 1: 95.)
E. Serum from "normal" subjects. (160 samples, mean titer 1: 49.)
F. Percentage distribution of the five groups.
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FIG. 2. FREQUENCYDISTRIBUTION OF AGGLUTINATION TITERS OF SERUMFROM RHEUMATIC
FEVER PATIENTS

A. Active. (163 samples, mean titer 1: 640.)
B. Active subsiding. (29 samples, mean titer 1:1084.)
C. Inactive. (63 samples, mean titer 1: 456.)

dilution of 1: 160, where 160 = 20 X 23. And so on. The

ninth tube contains a dilution of 1:10240, where 10240
= 20 X 2'. This series may, then, be coded with the first
tube (1: 40) as 1, second tube (1: 80) as 2, . . . the
ninth tube (1:10240) as 9, and with a negative reaction
as 0 (Table I). Thus, the mean, the standard deviation,
and the standard error of a group of serum may be cal-
culated as usual. The Mtest is used to compare the
differences between two groups.

For converting the code of the mean into the original
series, the following procedure may be taken. Taking the
first group of serum as an example, the mean was calcu-
lated to be 5.01 in terms of the code. 5.01 lies between
5 and 6. 5 corresponds to 1: 20 X 2'. 5.01 should cor-

respond to 1: 20 X 2¶, or 1: 645.

RESULTS

The first group consisted of 311 samples of serum

obtained from 193 patients with rheumatic fever
representing wide variations in severity and dur-
ation of activity of the disease. Only 23 of the 311
(7.4%o) failed to show any agglutination (nega-
tive), and 269 (86.5%o) showed agglutination

titers of 1: 160 or higher. The geometric mean

titer of the group as a whole was 1: 645 (or 5.01,
in terms of the code, with a standard deviation of
2.26 and standard error of 0.128) (Figure 1-A).

Sera from some of the rheumatic fever patients
were further studied to determine the relation of
the agglutination titer to the stage of the illness.
Of the 311 samples of sera (charted in Figure
1-A), 49 were obtained from rheumatic fever pa-

tients whose detailed histories were not definitely
known. Since the stage of their disease could not
be determined accurately they were excluded from
this analysis. One hundred and sixty-three sam-

ples were taken during the active phase of their
illness and of these, 13 (8%o) were negative and
139 (85.3%o) had a titer of 1:160 or higher, with
a mean agglutination titer of 1: 640 (or 5.0, in
terms of the code, with a standard deviation of 2.29
and a standard error of 0.182). It is noteworthy
that the specimens of serum from ten of the 13
negative reactors were obtained within one week

of the onset of their disease (Figure 2-A).
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Twenty-nine samples were obtained from rheu-
matic fever patients when the activity of the dis-
ease was considered to be subsiding. None of
these was negative and the agglutination titer of
28 samples was 1: 160 or higher, with a mean
titer of 1: 1084 (or 5.76, in terms of the code, with
a standard deviation of 3.01 and standard error of
0.558) (Figure 2-B).

Of 63 specimens of sera obtained from rheu-
matic fever patients during the inactive phase of
their illness, seven (11.1%o) were negative and 53
(84.2%o) had a titer of 1:160 or higher with a
mean titer of 1:456 (or 4.51, in terms of the code,
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FIG. 4. PERCENTAGEDISTRIBUTION OF AGGLUTINATION
TITERS OF SERUM FROM RHEUMATIC FEVER PATIENTS
AND FROM"NORMAL" SUBJECTS OF AGES BETWEENFIvE

(15) AND 40
6 The circles represent rheumatic fever patients; the

crosses, "normal" subjects.

13 with a standard deviation of 2.42, and a standard
o*s%Itp Iwo error of 0.305) (Figure 2-C).

There were seven samples of serum from pa-
tients with a diagnosis of possible rheumatic fever;
and of these one was negative, and six had titer

ARIOUs AGESWITH above 1: 160. The mean agglutination titer was

E AGE GROUP 1: 640 (or 5.0 in terms of the code, with a stand-
I crosses represent ard deviation of 1.73, and standard error of 0.655).
titers of the rheu- From our data, the ages of 268 rheumatic fever
and the horizontal patients were definitely known. Of these, 266 fell
he rheumatic fever between the ages of five and 40. The mean agglu-

sses represent the tination titers of serum samples grouped in five-
rs of the "normal" year periods were computed. The mean agglutina-
,ontal broken line, tion titer of the whole group was estimated to be

group (1:56 for 1: 596. Of the same age group (five to 40), 97

ate the number of samples from normal controls were recorded.
,re group. They were analyzed in the same manner. The
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mean agglutination titer of this group was 1: 56.
The difference between the mean agglutination
titers of these two groups of population at the
same ages was statistically significant (Figure 3).
The percentage distributions of agglutination titers
of these two groups were essentially the same as
the original corresponding group (Figure 4).

Serial bleedings of three or more samples from
each individual were obtained from 32 patients of
the rheumatic fever group; they represented pe-
riods of observation varying from 21 to 245 days.
In general, the agglutination reaction was negative
in the first few days after the onset of the acute ill-

ness; thereafter the titer rose fairly rapidly to a
level of 1: 320 or higher during the active stage;
and during the convalescent phases, it usually re-
mained at this high level. In the few instances
when the agglutination titer fell, the level, never-
theless, remained much higher than the mean
titers of the control groups. Readings from three
representative patients are shown in Figure 5.

Of the second group, comprising 50 samples of
sera from 38 patients suffering from rheumatoid
arthritis, three (6%o) were negative and 44 (88%o)
had titers of 1: 160 or higher. The mean titer for
the group was 1: 614 (or 4.76 in terms of the code,
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TABLE I

The distribution of the agglutination tigers of the five groups of serum examined

Rheumatic Rheumatoid Streptococcal "'Other" "Normal"
fever arthritis diseases diseases subjects

Titer Code

No. % No. % No. % No. % No. %

Negative 0 23 7.4 3 6 3 4.0 61 44.5 97 60.6
1:40 1 9 2.9 0 0 1 1.3 10 7.3 10 6.2
1:80 2 10 3.2 3 6 2 2.7 11 8.0 15 9.4
1:160 3 20 6.4 4 8 10 13.4 10 7.3 11 6.9
1:320 4 46 14.8 13 26 17 22.6 16 11.6 12 7.5
1:640 5 64 20.6 8 16 23 30.6 8 5.8 7 4.4
1:1280 6 57 18.4 11 22 12 16.0 10 7.3 6 3.8
1:2560 7 39 12.6 4 8 5 6.7 7 5.1 1 0.6
1:5120 8 36 11.5 2 4 1 1.3 4 2.9 1 0.6
1:10240 9 7 2.2 2 4 1 1.3 0 0 0 0

Total for each group 311 100.0 50 100 75 99.9 137 99.8 160 100

Mean titer for each 1:645 1:542 1:472 1:95 1:49
group

with a standard deviation of 1.68 and standard er-
ror of 0.194) (Figure 1-B).

The third group of sera comprised 75 samples
from 65 patients who were either in the active
or convalescent stage of scarlet fever or other
bacteriologically proven streptococcal infections.
Three (4%o) of the 75 samples collected were neg-
ative and 69 (92%o) showed a titer of 1: 160 or
over, with a mean titer of 1: 472 for this group
(or 4.56 in terms of the code, with a standard de-
viation of 1.68 and standard error of 0.194)
(Figure 1-C).

The fourth group (one of the two control
groups) of sera included 137 specimens of serum
obtained from 133 patients in the Grace-New
Haven Community Hospital with infectious and
non-infectious diseases other than those given
above. Of the 137 sera in this group, 61 (44.5%o)
gave negative results and 55 (40.2%) had an
agglutination titer of 1: 160 or higher. The
mean agglutination titer was 1:95 (or 2.24 in
terms of the code, with a standard deviation of
2.53 and a standard error of 0.216) (Figure 1-D).

In this fourth group, 11 patients suffering from
lobar pneumonia were also included. The sera of
nine of them gave negative results and two demon-
strated an agglutination titer of 1: 80 with a mean
titer of 1: 17. This fourth group also included 14
patients with tonsillitis in whom definite bacterio-
logical proof for hemolytic streptococcus as the
causative organism was lacking. Among these 14
the sera of three gave a negative reaction, while

those of ten gave agglutination titers of 1:160
or higher. The mean titer of the 14 was 1: 290
(or 3.86 in terms of the code, with a standard de-
viation of 2.50 and standard error of 0.664). Af-
ter the exclusion of these 14 patients, the mean ag-
glutination titer of the fourth group became 1: 83
(or 2.06, with a standard deviation of 2.48 and a
standard error of 0.223).

The fifth group (the other control group) com-
prised sera from "normal" subjects, and included
apparently healthy subjects, surgical patients such
as those with simple fractures or hernias, and those
admitted for routine tonsillectomy and adenoidec-
tomy. From 142 "normal" 6 subjects, 160 sam-
ples of sera were obtained. Of the 160, 97
(60.6%o) were negative and 38 (23.8%o) showed
a titer of 1:160 or higher. The mean agglutina-
tion titer for the group was 1: 49 (or 1.29, in terms
of the code, with a standard deviation of 1.94 and
standard error of 0.153) (Figure 1-E).

A comparison was made of the above five groups
with regard to the percentage distributions of
their agglutination titers. This is illustrated in
Figure 1-F.

No special effort was made to determine the ex-
perimental error of this particular agglutination
test. However, from repeated tests on 25 sam-
ples of serum (two tests on each sample at differ-

5 The word "normal" is used in this paper for con-
venience as the designation for this heterogeneous group
of subjects who were apparently healthy or had no
obvious infectious diseases.
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ent times and with different preparations of the
bacterial suspension), the mean difference of ag-
glutination titers was found to be less than two-
fold. Therefore, a four-fold difference of the ag-
glutination titers may be considered significant.

DISCUSSION

Significance of finding. From the observations
made, there was no statistically significant differ-
ence of the mean agglutination titers among the
first three groups, viz., rheumatic fever, rheuma-
toid arthritis and streptococcal diseases. The dif-
ferences between the mean titers of each of these
three groups and the fourth (or patients suffer-
ing from diseases other than the above three)
were highly significant statistically. Likewise, the
differences between the mean titers of each of the
above first three and the last group (composing
"normal" subjects) also were significant. Though
a statistically significant difference between the
two control groups (i.e., the fourth and the fifth)
was demonstrated, this might be explained by the
inclusion of patients suffering from tonsillitis and
other similar conditions where definite bacterio-
logical proof of causation by the hemolytic strepto-
coccus was not obtained. The agglutination titers
of the sera of these tonsillitis patients were, on the
average, higher than those of the sera of other pa-
tients. The result of the fourth group as a whole
might thus be influenced to some extent. How-
ever, the exclusion of these 14 patients did not
significantly alter the mean agglutination titer of
the fourth group. The differences between the
fourth group after exclusion of these patients and
the fifth group remained still significant. Among
other causes, it is conceivable that an anamnestic
reaction caused by the present illness on previous
experiences with the streptococcus, known or un-
known, might also contribute to the slightly higher
mean titer of the fourth group. Therefore, this
difference between the two control groups might
not be taken too seriously. The frequency dis-
tribution curves of the agglutination titers of these
two control groups were essentially the same (Fig-
ure 1, D and E). Those of the first three groups
followed the pattern of the normal distribution
curve (Figure 1).

Because the mean agglutination titers of the con-
trol groups were below 1: 100, and those of the
three test groups were above 1: 320, it has seemed

reasonable to set the tentative line of demarcation
between the control and the test groups at the level
of 1: 160. Therefore, if this test is to be used for
clinical diagnostic purposes and when rheumatic
fever is suspected, an agglutination titer of the pa-
tient's serum against autoclaved hemolytic strepto-
coccus above 1: 160 may be considered suggestive.
From the estimation made by means of an em-
pirical equation, y = 2.55 ero128X (X-10.02) which
was constructed from the data of the rheumatic
fever group, the chances that the serum sample
from a rheumatic fever patient would show an ag-
glutination titer of, or over, 1: 160 were 85 times
out of 100. For the serum of a "normal" subject,
the chances of being so were only about 20 times
out of 100, as estimated from an empirical equa-
tion, y = 90 e'1.25 V which was computed from our
data. The estimate for the latter group was in-
evitably rather high, perhaps because the fre-
quent occurrence of unrecognized infections of
hemolytic streptococcus may give rise to an in-
creased antibody titer. In the rheumatic fever
group, a negative agglutination reaction, or a posi-
tive one with a low titer, might be explained by the
fact that, at very early stages of the disease, the
individual might not have elaborated enough anti-
bodies against the "infection" to give a positive
reaction with a high titer above the normal level.
Moreover, there are always individual variations
in the reaction to any antigenic stimulation. It is
not to be expected, therefore, to observe a uniform
narrow range of antibody titer. As is well known,
for example, in the production of diphtheria anti-
toxin some horses are encountered which are re-
fractory to diphtheria toxin or toxoid.

Rheumatic fever. Since rheumatic fever is
mainly a disease of younger age groups, the ques-
tion may be raised as to whether the age distribu-
tion of the rheumatic fever patients was sufficiently
different from the control groups as to make a com-
parison impossible. As shown in Figure 3, the
differences between the mean agglutination titers
of the serum of these two groups of population at
the same ages were statistically significant. Fur-
thermore, the percentage distribution of agglutina-
tion titers of these two groups did not differ from
their original corresponding groups. This serves
as additional evidence that the agglutination titers
were higher in rheumatic fever patients than in
"normal" subjects.
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From the studies on serial samples taken from
patients at various stages of rheumatic fever, a

negative reaction was observed with sera obtained
within a week of the onset of the disease and the
agglutination titer subsequently rose fairly rapidly
and thereafter remained elevated. Thulin (3) at-
tributed this agglutination reaction to an "O anti-
gen" in the hemolytic streptococci. He also ob-
served that "the 0 agglutinins are acute antibodies
which, as a rule, make their appearance in seven to
14 days after the onset," and "in chronic cases,

. . .the 0 agglutinins remain relatively un-

changed." A negative reaction, therefore, does
not exclude the presence of rheumatic fever par-

ticularly in the early stages, but a rise of the titer
during the course of the disease is very suggestive.
Repeated determinations at weekly intervals would
appear to be indicated when the test is used as an

aid in diagnosis. The degree to which sustained
elevation of streptococcal agglutinins are main-
tained in rheumatic fever in possible contrast to the
response in acute streptococcal disease is as yet
unknown.

Rheumatoid arthritis. Extensive work has been
done on agglutination reactions against hemolytic
streptococcus with sera from patients suffering
from rheumatoid arthritis. However, not many of
the previous studies included numerous samples of
sera from patients with rheumatic fever. The ma-

jority of them have shown higher values for rheu-
matoid arthritis and thus constituted a differential
test between rheumatoid arthritis and rheumatic
fever. The bacterial suspensions employed were

either live cultures of streptococci or streptococcal
suspensions killed at 560 C. Because the methods
used were so different, a comparison of the data
of previous studies with the results of the present
work cannot easily be made. Although Clawson
et al. (7) and Goldie (8, 9) demonstrated no dif-
ference of agglutination titers between sera from
rheumatoid arthritis and rheumatic fever patients,
the bacterial suspensions used by the two groups

of workers were different. The size of the popu-

lation examined and the stage of disease when the
samples were collected are among the important
factors which contribute to the variations in anti-
body titer, as demonstrated by different investi-
gators. Using autoclaved hemolytic streptococci,
Thulin obtained higher agglutination titers in
rheumatoid arthritis and rheumatic fever patients

than in controls. In the series published in 1947 by
him (2) 34 out of 43 of the "chronic polyar-
thritis" group showed agglutination titers of 1: 160
or higher and none was negative. Of the rheu-
matic fever group, 13 of 16 showed agglutination
titers of 1: 160 or higher and none was negative;
and of the control group, 114 of 117 were negative
while not a single sample had a titer of 1: 160 or
higher. The following information was given in
his latest monograph (3): 54 patients with rheu-
matic fever were examined by him within three to
six months after onset; 51.9% of them showed an
agglutination titer of 1:160 or higher. Over half
of each of 20 scarlet fever patients and of 20 pa-
tients with acute tonsillitis had agglutination titers
of 1: 160 or higher. Of 285 patients with rheu-
matoid arthritis, 51.6%o gave titers of 1: 160 or
higher. Only 7.6%o of the control serum showed
agglutination titers of 1: 40 or higher. Our ob-
servations, as noted above, agree well to these
points.

From the present study, this agglutination test
could not differentiate rheumatic fever from rheu-
matoid arthritis. Since the number of series of
bleedings at various stages of illness obtained from
patients suffering from rheumatoid arthritis was
not large, it is rather difficult to make definite com-
ment on the usefulness of the test in diagnosis. This
awaits the results of further investigation. Never-
theless, from our limited data, it appeared worth-
while to use this test in patients with rheumatoid
arthritis as in cases of rheumatic fever.

The similarly high agglutination titers of the
sera from patients with rheumatic fever and from
those with hemolytic streptococcus has pointed to
a possible etiological association of hemolytic
streptococcus with rheumatic fever. On the other
hand, one might take this finding as analogous to
the Weil-Felix reaction in rickettsial diseases.
This seems less likely in view of the epidemiologi-
cal evidence of an association between strepto-
coccal infections and rheumatic fever. Whether
a similar interpretation can be applied to rheuma-
toid arthritis is beyond the scope of the present
study. One may still wonder whether similarly
high agglutination titers would be obtained with
other autoclaved organisms, particularly other
Gram positive or negative cocci. As mentioned
above in the fourth group of sera examined, nine
out of 11 samples of serum obtained from patients
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with lobar pneumonia failed to agglutinate the
autoclaved streptococci. This offered evidence for
the specificity of this particular agglutination reac-
tion. The denaturation of protein by heat has
probably left the somatic polysaccharide alone
among the known factors to be considered of any
consequence in serving as the antigenic fraction
responsible for the agglutination reaction. Fur-
ther studies on the specificity of this reaction and
the possible part played by the group-specific poly-
saccharide have been reported elsewhere (10).

SUMMARY

An agglutination reaction using autoclaved
(1200 C for two hours) hemolytic streptococci
has been described and investigated. It has been
used in this study with samples of serum from pa-
tients with rheumatic fever, rheumatoid arthritis,
and streptococcal diseases, as well as with other
conditions.

The agglutination titers in groups of patients
with rheumatic fever, rheumatoid arthritis, and
streptococcal diseases did not differ significantly
one from the other. The titers in each of these
conditions were significantly higher than in the
control groups.
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