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The factors that determine whether a given in-
dividual will develop rheumatic fever after a
streptococcal pharyngitis have not been clarified.
The low incidence of this disease, despite the prev-
alence of streptococcal respiratory infections, and
the high familial incidence suggest a genetic fac-
tor. A recent study, however, shows that rheu-
matic fever does not follow the pattern of a simple
recessive gene (1). Rheumatic symptoms de-
velop after mild as well as severe infections due to
any one of 50 known types of Group A Strepto-
cocci. Attempts to prove that any particular cel-
lular component or enzyme produced by these
organisms is the cause of this disease have so far
proved negative.

Rheumatic fever is uncommon in children less
than five years of age. The mean titers of anti-
streptococcal antibodies in patients with acute
rheumatic fever tend to be higher than in children
with uncomplicated streptococcal infections (2).
These observations suggested that repeated, closely
spaced attacks of streptococcal pharyngitis may be
a determining factor (3).

It is usually not possible to obtain a reliable his-
tory of remote respiratory infections. Further-
more, even if the illness is recalled, streptococcal
pharyngitis usually cannot be differentiated from
a sore throat of viral origin. The commonly stud-
ied antistreptococcal antibodies, such as antistrep-
tolysin 0, are not type-specific and may show a
rise in titer after infection with any one of the 50
types of Group A Streptococci. These antibodies
usually appear one to two weeks after the infec-
tion and in most instances return to normal levels
after two to six months.

The only antibody indicative of a type-specific
streptococcal infection is the one directed against

* Supported by grant H-5555 from the U. S. Public
Health Service.

the Mantigen. These type-specific antibodies de-
velop slowly and are usually not detectable until
one or two months after an infection (4). In some
individuals, in whom the type of the infecting
strain was definitely established, homologous type-
specific antibodies were demonstrable 32 years
after the original infection (5).

TABLE I

General data-clinical and laboratory manifestations
of patients with acute rheumatic fever

Rheumatic mani- Laboratory
festations data-

maximal
Cardi- Polyar- ASO

Case Age Race tis thritis Chorea titer*

no.
1 11 N + 1,000
2 10 N + 625
3 6 W + + 625
4 4 W + 333
5 6 W + 625
6 6 W + 333
7 7 N + + 1,250
8 13 W + 1,000
9 5 N + + 500

10 4 W + + 833
11 6 N + + 250
12 8 N + 500
13 11 W + 625
14 8 N + 500
15 10 N + 250
16 7 N + + 333
17 10 N + + 500
18 7 W + 1,000
19 13 W + + + 500
20 10 N + + 833
21 4 N + + 1,250
22 6 N + + 2,500
23 11 N + 500
24 13 N + 500
25 9 N + 500
26 9 W + 1,000
27 12 W + 1,000
28 7 W + 625
29 13 W + 833
30 11 N + 625
31 11 N + 500
32 11 W + 500

* Antistreptolysin titer (ASO) expressed in Todd units. A titer of
250 U is at the upper limit of normal for this age group in the community
under study.
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TABLE II

Example of a biologic assay for the selection of a streptococcal strain suitable for the
bactericidal test for type-specific antibody*

Test conditions:
0.1 ml culture dilution No. of colonies from culture dilution:
0.3 ml heparinized normal

Strain human blood 10-$ 1:4 1:16 1:64

Type 3 No. Streptococci at
(Hirsch strain) onset of test 169 47 9 5

No. Streptococci at
end of test

1) Rotated tubes 2,000t 557 339 50
2) Stationary tubes Ct 4,000t 500-2,000 288

* Method of Lancefield, reference 5.
t Estimated count.
t Confluent.

Since a second infection due to the same type pitals over a two-year period (1960-1961). Patients
of Streptococcus rarely occurs, the presence of were accepted in the study if they fulfilled the Jones cri-
antibodiesagainstMatteria for the diagnosis of rheumatic fever and if they

were experiencing their first episode of this disease.
dence of a single previous infection with a homolo- The manifestations exhibited by these patients are shown
gous type. A study of type-specific streptococcal in Table I. Nineteen of the 32 patients had carditis.
antibodies was undertaken in an effort to deter- All but two of the children had an antistreptolysin 0
mine whether patients with an initial attack of titer above 250 U. Antibodies to other streptococcal en-
rheumatic fever have had a greater number of zymes were not included, and may have been elevated in
prhevious fepisodesrofhavep cal infeater onsm r

than
these individuals. '

previous episodes of streptococcal infections than The control group consisted of 35 children selected
nonrheumatic children of a similar age. during the same two-year period from the patients ad-

mitted for elective surgery or from the general outpatient
METHODS departments of the hospitals above. The children in the

control group had a negative history for rheumatic fe-
Clinical material. Two groups of children were stud- ver, had no evidence of heart disease, and were not re-

ied, 32 patients with acute rheumatic fever and 35 non- ceiving antibiotics at the time the blood sample was ob-
rheumatic individuals who served as controls. The pa- tained. Five children in the control group had a family
tients with acute rheumatic fever were selected from the history of rheumatic fever. The children in both groups
pediatrics wards of the Johns Hopkins and Sinai Hos- came from the same socio-economic environment, and

TABLE III

Example of a test series for antitype 12 antibodies by the indirect bactericidal test

No. of colonies from culture dilutions

10-5 1:4 1:16 1:64
Inoculum

Homologous
102 65 15 2 type-specific

Source of serum Strain tested After 3 hours growth antibody

Normal adult* 500-2,000t 300 171 26
Rheumatic group

Case 11 Type 12 210 88 21 0 +
Case 17 (Strain E, 14/104/9)t 542 238 69 30
Case 18 100 64 11 0 +

Control group

Case 9 541 162 77 15
Case 15 51 21 5 0 +
Case 21 444 177 89 20

* Serum from donor known not to contain antibodies against Type 12.
t Estimated count.
t This strain was kindly supplied by Dr. Rebecca C. Lancefield.
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TABLE IV

Example of a test series for antitype 6 antibodies by the indirect bactericidal test

No. of colonies from culture dilutions

1:4 1:16 1:64 1:128
Inoculum

Homologous
38 14 3 1 type-specific

Source of serum Strain tested After 3 hours growth antibody

Normal adult* 2,000-4,000t 392 111 89
Rheumatic group

Case 29 85 29 6 0 +
Case 25 rype 6 500-2,000t 331 195 43
Case 28 (Alice strain) 500-2,000t 350 108 31

Control group
Case 22 82 0 0 0 +
Case 34 2,000-4,000t 279 152 38
Case 30 108 13 0 0 +

* Serum from donor known not to contain antibodies against Type 6.
t Estimated count.

were matched as closely as possible for race and age.

Seventeen of the rheumatic group and 15 of the control
group were Negroes. They ranged in age from 4 to 13
years, with a mean of 8.4 years for the rheumatic group

and 8.5 years for the control group.

Because of the known suppressive effect of antibiotics
on the formation of type-specific antibodies (6), an at-

tempt was made to evaluate each child's past history of
exposure to antibiotics. Although it was not possible to
obtain a completely accurate assessment, the children in
both groups did not differ significantly in this respect.
All of the children came from a clinic population. None
were under continuous or close medical supervision, and
none had received frequent or prolonged courses of
antibiotics.

Laboratory methods. Blood was drawn aseptically from
each child. The serum was separated and stored in
the frozen state without preservatives. With the ex-

ception of a few patients in the rheumatic fever group,
enough serum was obtained to do all of the bactericidal
tests on the initial sample. Specimens were obtained
from patients with acute rheumatic fever within three
weeks from onset of symptoms.

The serum of each patient was tested for antibodies
against the following types of Group A Streptococci:
1, 2, 3, 4, 5, 6, 12, 13, 18, 23, 25, 28, and 30. The types
were selected because of their known incidence in the
community under study; 95% of the typeable strains ob-
tained from random throat cultures in the Baltimore area

over the past three years were among the 13 types listed
above (see Table IX).

Care was taken to select strains suitable for the bac-
tericidal test. It has been shown that strains with an in-

termediate amount of M antigen are best for the detec-

tion of antibody in low concentration (5). Dr. Rebecca

C. Lancefield kindly furnished satisfactory strains for

Types 2, 4, 12, 18, 23, and 30. Strains for Types 1, 3, 5,
6, 13, 25, and 28 were selected from lyophilized stock

cultures and were tested for their M producing proper-
ties by a method described by Lancefield (5). This is a

TABLE V

Type-specific antibodies in sera of children with
acute rheumatic fever

Antibodies found against the following types

Case Race Age 1 2 3 4 5 6 12 13 18 23 25 28 30

no. yrs
1 N 11 +
2 N 10
3 Xv 6
4 W 4
5 W 6 ±
6 '"T 6
7 N 7 +
8 W 13 + + ± ++
9 N 5

10 W 4 +
11 N 6 +
12 N 8
13 W 11
14 N 8
15 N 10 +
16 N 7 ±
17 N 10 + +
18 W 7 ± ±
19 W 13 + +
20 N 10 + +
21 W 4 ±
22 N 6
23 N 11 +
24 N 13
25 N 9
26 W 9 ± +
27 W 12 + +t-++ +
28 W 7 + +
29 W 13 +
30 N 12
31 N 11 + ±
32 W 11

Total 4 6 3 2 4 5 4 0 3 4 1 1 0
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biologic assay which tests the ability of a strain to re-
sist phagocytosis in normal human blood in rotated as
compared to stationary tubes. A strain was considered
suitable for the bactericidal test if it grew well in normal
blood but there was less growth in the rotated tubes
than in the stationary set. An example of a biologic as-
say carried out for a Type 3 strain which proved to be
satisfactory is shown in Table II.

The indirect bactericidal test was used to detect type-
specific antibodies (7). Suitable strains of a known
streptococcal type were grown overnight in rabbit blood
broth, after which a heavily seeded two-hour subculture
in Todd-Hewitt broth was prepared. A 10' dilution of
the culture was made and this was further diluted seri-
ally to 1: 4, 1: 16, 1: 64, and 1: 128. Tubes containing
0.1 ml of each dilution were prepared, and to each were
added 0.05 ml of test serum and 0.3 ml of freshly drawn
heparinized human blood as a source of phagocytes (0.1
ml of heparin containing 1,000 U of heparin for 20 ml of
blood). A control serum obtained from adult donors
who were known not to harbor antibodies for the strep-

TABLE VI

Type-specific antibodies in sera of nonrheumatic
children (control group)

Case Race

so.

1 W
2 N
3 W
4 W
5 W
6 W
7 N
8 N
9 N

10 N
11 W
12 W
13 W
14 W
15 N
16 W
17 W
18 W
19 W
20 N
21 N
22 W
23 N
24 N
25 W
26 W
27 W
28 N
29 W
.30 W
.31 N
.32 N
.33 W
34 N
.35 N

Total

Age

yrs
5
4
5
9

10
10

7
13

9
11
8
6
8

10
9

14
6
6

13
8
7

12
12
10

7
8

10
7

11
11

7
9
5
9

12

Antibodies found against the following types

1 2 3 4 5 6 12 13 18 23 25 28 30

+ +
+ +

+ +
+ +

+
+

+

TABLE VII

Comparison of number of patients with single and multiple
antibodies in rheumatic and control groups

Rheumatic Control
group group

Patients studied 32 35
Patients with type- 21 (65%) 18 (52%)

specific antibodies
Against single type 12 9
Against multiple types 9 9

tococcal types under study was included in each series of
tests. Since many of the patients with acute rheumatic
fever were receiving penicillin therapy, 0.05 ml of penicil-
linase (100 U per 10 ml) was added to each tube.

The prepared tubes were placed in a rotating machine
driven at 6 to 8 rpm and incubated at 370 C. After 3
hours of rotation, pour plates were made with 0.1 ml
from each tube and agar containing 5% sheep blood.
To determine the size of the inoculum at the start of the
test, additional pour plates were made with 0.1 ml of
each of the original serial culture dilutions mixed with
sheep blood agar. The plates were incubated overnight,
and the number of colonies which grew out from the in-
oculum was compared with colony count or estimate1
from the control and test mixtures. The method was
considered satisfactory if 1) the inoculum was small (from
100 to 250 colonies in the 10' dilution and from 1 to 15
colonies in the 1: 128 dilution) and 2) a vigorous growth
occurred in the normal control serum. The unknown
serum was considered positive for antibody against the
homologous type if there was a significant suppression of
growth in each culture dilution mixed with test serum
as compared to the control serum and the result could be
reproduced. The protocols of two representative test
series are shown in Tables III and IV.

RESULTS

+
+ +

+

+

+

+

+ + +

+ +

+ +

1 3 3 3 3 8 7 0 1 0 0 0 0

Type-specific antibodies: rheumatic fever
groups. The results obtained in children with
acute rheumatic fever are presented in Table V.
Type-specific antibodies in various combinations
were demonstrated in 21 of 32 patients. Anti-
bodies against more than one type were found in
nine patients, and in two children (Cases 8 and
27), antibodies against five types were noted.
The latter children were 13 and 12 years of age,
well above the mean age for the group (8.4 years).

1 Plates with 500 colonies or less were counted. Four
thousand colonies indicate a plate with innumerable
colonies with areas of unhemolyzed blood. Five hundred
to 2,000 colonies and 2,000 to 4,000 colonies were esti-
mated by comparison.
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Antibodies were found most commonly against
Types 2, 6, 12, 1, 5, and 23, but no single type
predominated. No homologous antibodies were

demonstrated against Types 13 and 30.
Type-specific antibodies: control group. In

Table VI, the record of the antibodies found in
nonrheumatic children is presented. Antibodies
were demonstrated in 18 of 35 children. Nine
children had antibodies against more than one

type. Antibodies for Types 6 and 12 were the
most common, and the remainder were distributed
among six other types. No antibodies were found
against 13, 23, 25, 28, and 30.

Comparison of type-specific antibodies in rheu-
matic and control groups. A comparison of the
type-specific antibodies found in both groups is
presented in Table VII. Antibodies were demon-
strated in 21 of 32 (65%) rheumatic subjects as

compared with 18 of 35 (52%) control children.
The difference is not statistically significant (p
value = > 0.05). When patients with antibodies
against more than one type are considered sepa-

rately, the groups resemble each other even more

closely: 9 of 32 rheumatic patients and 9 of 35
control children had multiple antibodies.

Relationship of age to the frequency of type-
specific antibodies. An analysis of the data with
respect to age was made by dividing the entire
group of 67 children into two age periods: pre-

school age of 4 to 6 years (16 patients) and school
age of 7 to 13 years (51 patients). Antibodies
were found in 6 of the 16 (37%) preschool sub-
jects and in 33 of 51 (64%) of school children
(Table VIII). Antibodies against more than one

type were present in two of the preschool group

(12%o) and in 16 of the school group (28%o).
When each age period is analyzed separately

for the rheumatic and control groups, the num-

ber of children with single and multiple antibodies

is essentially the same in both groups. Thus the
older children were more likely to have antibodies
against more than one type, but regardless of age,

multiple type-specific antibodies were not found
more commonly in the rheumatic individual than
in the nonrheumatic subject.

Distribution of antibodies for each homologous
type and the frequency of strains obtained from
random throat cultures. In Table IX (left col-
umn) there is recorded the incidence of the type-
able streptococcal strains encountered among

approximately 500 throat cultures obtained at ran-

dom in the community over the past three years.

Type 12 was found in 22 %. Types 1, 2, and 4
were next most common, in the order listed. Al-
together these four types made up 60% of the
typeable strains. The remainder were distributed
among the other nine types.

In the left column of Table IX there is listed
the percentage of patients with homologous anti-
bodies for each of the 13 types listed. Antibodies
were most common against Type 6, 12, and 2 and
were somewhat less frequent against Types 5, 3, 1,
and 4. There were few or no patients with ho-
mologous antibodies against Types 25, 28, 13, and
30.

Relationship of the type-specific antibody pat-
tern and the antistreptolysin 0 titer in the rheu-
matic patients. The type-specific antibody pattern
and the corresponding maximal antistreptolysin
o titer for each patient with acute rheumatic fever
is shown in the form of a scattergram (Table X).
It will be noted that the magnitude of the anti-
streptolysin 0 titer bore little or no relationship
to the type-specific antibody pattern. Patients
with no demonstrable type-specific antibodies
against the 13 types tested were as likely to have
high antistreptolysin 0 titers as the patients with
antibodies against two or more types.

TABLE VIII

Relationship of age to frequency of type-specific antibodies

Patients with homologous type-specific antibodies

Total group Rheumatic group Control group

Single Multiple Single Multiple Single Multiple
Age group No. type types No. type types No. type types

4- 6 yrs 16 4 2 9 4 0 7 0 2
7-13 yrs 51 17 16 23 8 9 28 9 7
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TABLE IX

A comparison of the distribution of antibodies among 13 types
tested and the frequency of strains encountered in the

community

%Types found
in random %Patients with

throat cultures homologous
from patients antibodies
with typeable for each

Type strains* typet

1 20 7
2 14 13
3 4 9
4 14 7
5 1 10
6 4 19

12 22 16
13 3 0
18 4 6
23 2 6
25 0.5 2
28 6 2
30 0.5 0

Other 5.0

* Results of approximately 500 throat cultures obtained
between 1959-1961. Forty %of the strains were typeable.

t Entire group of 67 patients.

DISCUSSION

The results of this study suggest that the inci-
dence of past streptococcal disease, exclusive of
the infection which triggered the acute attack, is
probably no greater in the rheumatic subject that
in the nonrheumatic individual. By utilizing the
bactericidal test, type-specific antibodies were de-
tected against one or more of 13 prevalent types
of Group A Streptococci in 65% of patients with
acute rheumatic fever and in 52% of control chil-
dren. The difference is not statistically signifi-
cant. The similarity between the groups is more
striking when children with antibodies against
more than one type are considered separately:
28%o of the rheumatic group and 25%o of the con-
trol series had multiple type-specific antibodies.

The findings obtained in this study provide no
evidence to support the concept that susceptibility
to rheumatic fever is related to an inordinately
high incidence of prior streptococcal infections.
There are no data available on the incidence of
clinically observed streptococcal infection in pa-
tients who subsequently develop their initial at-
tack of rheumatic fever. Taranta (8) documented
streptococcal illness in a group of individuals
with a known past history of rheumatic fever, and
in this highly susceptible group, it is significant
that no correlation was found between the recur-

rence rate and the number of streptococcal infec-
tions prior to the one which initiated the recur-
rent attack. It should be pointed out, however,
that although the type-specific antibody pattern re-
flects the incidence of past streptococcal disease,
it is not possible to know when and in what se-
quence the remote infections occurred. There-
fore, the data do not exclude the possibility that
the past infections may have been more closely
spaced in the rheumatic individuals. Studies by
Winblad, Malmros, and Wilander (9) suggest
that rheumatic fever is more likely to occur fol-
lowing cross-infection with a second type of
Streptococcus. On the other hand, Stetson (10)
found no relationship between closely spaced in-
fections and the attack rate of rheumatic fever.

Rantz, Maroney, and Di Capro ( 11 ) have shown
that the magnitude of the antistreptolysin 0 re-
sponse to streptococcal infections increases from
infancy through childhood and this change is prob-
ably a function of repeated infections with these
organisms. It has been inferred from these stud-
ies that rheumatic fever is infrequent in preschool
children because the response to antigenic stimuli
is less marked in young than in older individuals.
If this theory is correct, then it would seem reas-
onable to expect that when a young child develops
rheumatic fever he probably has had greater ex-
posure to streptococcal disease than other children
in a similar age group. The data obtained in this
study do not support this hypothesis. Although
there were only nine patients with acute rheumatic
fever in this study who were four to six years of

TABLE X

Relationship of type-specific antibody pattern to antistrepto-
lysin 0 titer in 32 patients with acute rheumatic fever

Anti-
strepto- Patients with type-specific antibodies against*
lysin 0

titer No type One type Multiple types

U
2,500 *
1,250 a a
1,000 * *0a-

833 * *
625 * a* - a
500 *a - *e- *a
333 aa
250 a
166
100
50

* Sera of each patient tested against 13 types.
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age, more than half had no type-specific antibodies
at all, and none had antibodies against more than
one type.

The streptococcal antibody response to extra-
cellular antigens is generally higher in the rheu-
matic group than in patients with uncomplicated
streptococcal infections (2). The significance of
this finding is not known. Rheumatic and non-

rheumatic subjects do not show any difference in
their ability to form antibody to nonstreptococcal
antigens (12). If the immunologic hyperreac-
tivity of the rheumatic individual for streptococcal
antigens were related to the frequency of previous
streptococcal infections, then a correlation might
be anticipated between the magnitude of the anti-
streptolysin 0 titer and the number of type-specific
antibodies in a given individual. No such rela-
tionship was found. Patients with acute rheu-
matic fever who had the highest antistreptolysin
0 titers did not have a greater number of type-
specific antibodies than patients with lower titers.

Epidemiologic data indicate that a relatively
small number of streptococcal types tend to per-

sist in a given population for several years, wax-

ing and waning at different times (13). It was

therefore of interest to compare the prevalence of
strains isolated from throat cultures obtained at
random in the community and the incidence of
homologous antibodies. Types 12, 1, 2, and 4
were isolated most commonly and accounted for
60% of the typeable strains. Homologous anti-
bodies against at least one of these types were

found in 437o of the patients studied. The fre-
quency of Type 12 isolations (22%) as well as

the prevalence of antibodies against this strain
(16%) compare closely with the findings of Siegel,
Johnson, and Stollerman (14). Antibodies
against Types 5 and 6 were found in a relatively
high percentage of patients (10% and 19%o, re-

spectively), and yet the incidence of isolations of
these strains from throat cultures were low (1 %

and 4%, respectively). It is possible that anti-
bodies against these two types reflect a prior preva-

lence of types which have become less common in
the more recent years of the culture survey.

It is very unlikely that an individual's complete
past streptococcal history was revealed by the

type-specific antibody patterns obtained in this
study. Additional antibodies might have been

demonstrated if more than 13 types had been in-
cluded. Furthermore, the bactericidal test may
not be sufficiently sensitive to detect low levels of
antibody. Recent studies.by Potter, Stollerman,
and Siegel (15) have shown that type-specific
antibodies may disappear from the blood within
two to three years in 50% of the patients and that
the titer can be recalled by small doses of cell wall
vaccines of homologous types. Also, penicillin
therapy for past infections may have suppressed
anti-M antibody in some children included in the
study. It is not possible to assess the extent that
the above factors may have modified the antibody
patterns observed, but there is no reason to sus-
pect that these factors did not apply equally to
both groups of children.

The purpose of this investigation was to deter-
mine the remote streptococcal history of patients
and to exclude insofar as possible the effect of
recent infections on the type-specific antibody pat-
tern. Since anti-M antibodies form slowly and
since serum specimens were obtained early in the
attack of rheumatic fever in all but a few patients,
it is likely that the type-specific antibody patterns
observed did not reflect the recent streptococcal
illness. It is possible, however, that among the
small number of rheumatic subjects in whomspeci-
mens were obtained three weeks after the onset of
the attack, measurable type-specific antibody from
a recent infection may have occurred. This might
account for the slightly higher incidence of type-
specific antibodies observed in the rheumatic
group.

The two groups of children varied markedly
in respect to evidence of recent streptococcal in-
fection. Thirty of 32 patients in the rheumatic
group had an antistreptolysin 0 titer above 250 U,
while five children in the control group had titers
above this level. These findings are in keeping
with the established fact that a preceding strepto-
coccal infection can be demonstrated in almost
every case of rheumatic fever, and it should not
be inferred from the data obtained on type-specific
antibodies that any doubt is cast on this well-
known relationship.

SUMMARYAND CONCLUSIONS

1. Type-specific antibodies against 13 prevalent
types of Group A Streptococci were determined
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by bactericidal tests on the sera of a group of pa-
tients with acute rheumatic fever and of a group
of suitable control children.

2. Type-specific antibodies against one or more
types were demonstrated in 65% of patients with
acute rheumatic fever and in 52% of control chil-
dren. The rheumatic patients did not have anti-
bodies against a greater number of types than the
control children.

3. Antibodies against more than one type oc-
curred more commonly among the older children
of both groups.

4. No correlation could be demonstrated between
the magnitude of the antistreptolysin 0 titer and
the type-specific antibody pattern in patients with
acute rheumatic fever.

5. Since the presence of type-specific antibody is
evidence of a past infection with an homologous
type, the data obtained suggest that the rheumatic
host has not had more frequent streptococcal infec-
tions prior to the first attack than the nonrheumatic
individual.
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