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OBSERVATIONSON THE EFFECT OF STREPTOCOCCALUPPER
RESPIRATORYINFECTIONS ON RHEUMATICCHILDREN:

A THREE-YEARSTUDY1

By ANN G. KUTTNERAND ELMA KRUMWIEDE
(From Irvington House, Ir7Jington-on-Hudson, N. Y.)

(Received for publication December 3, 1940)

The relationship of beta hemolytic streptococci
to the etiology of rheumatic fever has long been a
controversial subject. Although many students
(1) of this disease are of the opinion that both
the initial attack and subsequent recurrences of
rheumatic fever are usually preceded by strepto-
coccal upper respiratory infections, others (2)
believe that this association is merely accidental.
At the present time, there is no adequate explana-
tion of the exact r6le played by streptococci in the
etiology of rheumatic fever. On the other hand,
the association between streptococcal upper re-
spiratory infections and rheumatic fever seems too
constant to be completely disregarded.

It is obvious that many factors which cannot be
adequately studied in a general hospital or in
ambulatory rheumatic patients enter into this prob-
lem. Studies of this kind can be carried out more
satisfactorily in sanatoria where the patients are
relatively isolated and are under careful medical
supervision for long periods of time. Since the
severity of both streptococcal upper respiratory
infections and rheumatic fever is known to vary
from year to year, it was thought that a compari-
son of the results obtained during three successive
winters would yield more reliable information than
observations limited to a single year.

PLAN OF STUDY

The same methods and procedures were used during
three successive years, 1937 to 1940.

Type of institution
Irvington House, a sanatorium for rheumatic children,

is situated in the country, 20 miles from New York City.
The children were admitted from the cardiac clinics of
various hospitals in Greater New York. Children who
had had one or more attacks of polyarthritis or carditis
without marked cardiac damage were selected. With a
few exceptions, children with histories of "pure" chorea
without polyarthritis or carditis were excluded. New

1 This work was aided by a grant from The Common-
wealth Fund.

cases were admitted only during the summer and fall
months. Each year 108 suitable patients, consisting of
new children and children remaining longer than one
winter, were assembled by the first of December. This
group then remained in the institution until the end of
May or longer.

The children lived and went to school in the same
building. They had no contact with other children and
each child was permitted only two adult visitors every
six weeks. The group consisted of 66 girls and 42 boys
varying in age from 6 to 15 years.

Routine procedures
Rectal temperatures and pulse rates were taken three

times daily. Leukocyte counts, hemoglobin estimations,
and erythrocyte sedimentation rates were done routinely
every three or four weeks, or more often when necessary.
Children who had symptoms of upper respiratory infec-
tions were put to bed and isolated in cubicles, or when
possible, in separate rooms. Leukocyte counts were taken
on the first or second day of illness.

Bacteriological procedures

Throat cultures to determine the presence of Group A
beta hemolytic streptococci were taken routinely once a
week on every child throughout the year. Additional
cultures were taken on two successive days on children
who developed symptoms of any kind. Swabs were
streaked on freshly prepared 5 per cent sheep blood agar
plates (3). After eighteen-hour growth, hemolytic col-
onies were re-streaked and fished to broth. Attempts
were made to type all Group A beta hemolytic strepto-
cocci isolated. Both the slide agglutination method of
Griffith (4) and the precipitin reaction of Lancefield (5)
with "M " extracts were used. In most instances, cul-
tures were considered to be successfully typed only when
the findings obtained by slide agglutination could be
confirmed by the precipitin reaction. Many strains were
isolated which could not be typed by either method. In
several instances, agglutinating and precipitating sera
were prepared by immunizing rabbits with these cultures.

Antistreptolysin 0 titers (6) were determined every
three to six weeks, and more often following upper re-
spiratory infections or during rheumatic activity. Anti-
streptolysin S titers (6) were not determined.

Definitions
It has been noted by several observers that the clinical

symptoms of the streptococcal upper respiratory infec-
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tions preceding the development of rheumatic recurrences
may be extremely mild and therefore can be easily
overlooked.

The cases of streptococcal upper respiratory infections
reported in this study were in most instances clear-cut.
The children complained of sore throat and the pharynx
usually appeared inflamed. Occasionally exudate was
present. Most of the patients had fever and elevated
white blood counts. Throat cultures taken on the first
or second day of illness showed varying numbers of
Group A beta hemolytic streptococci of a type which
had not been present previously.

In certain instances, however, especially during the
winter of 1937 to 1938, it was difficult to decide whether
a child really had an upper respiratory infection or had
merely become a streptococcus carrier. A few children
who had neither complaints nor symptoms, but whose
white blood counts showed a definite rise coincident with
the appearance of streptococci in their throat culture, or
whose antistreptolysin 0 titer rose three to six weeks
later, were considered to be cases of upper respiratory
infection.

Children in whom the appearance of streptococci in
their routine throat cultures was not accompanied by
symptoms, or by a rise in their white blood counts or
in their antistreptolysin 0 titer, were considered to have
become carriers, either temporary or chronic.

It is well known that the course of rheumatic fever
varies greatly. In some children, evidence of low-grade
activity persists for months and years. This type of case
is generally described as continuous or polycyclic. Slight
exacerbations of the symptoms may occur from time to
time in these children without apparent precipitating
cause. Other children are subject to severe, acute at-
tacks but between attacks clinical or laboratory signs of
rheumatic activity are not demonstrable. It is in this
monocyclic type of case that factors tending to pre-
cipitate rheumatic recurrences can be studied most satis-
factorily.

1. Streptococcal upper respiratory infections
occurring dursng the wvinter of

1937 to 1938

During this winter, 12 of the 108 children de-
veloped upper respiratory infections associated
with Group A beta hemolytic streptococci of a
single type. The organisms isolated from these
cases did not belong to any of the known sero-
logical types of streptococci. Agglutinating and
precipitating sera were therefore prepared by im-
munizing rabbits with a culture, C51, isolated
from one of these patients (Case 2, Table I).
By means of slide agglutination and precipitin
tests, the organisms isolated from the other 11

patients were shown to belong to the same sero-
logical type as C51.2

The symptoms produced by this infection were
mild. The 12 cases appeared sporadically over a
period of six months, the first occurring in De-
cember 1937 and the last in May 1938. Prior to
this infection, 2 of the 12 children had continu-
ously elevated erythrocyte sedimentation rates, and
the rheumatic infection in these 2 individuals
therefore was not considered to be quiescent.
Neither of these 2 children had exacerbations of
their symptoms following the upper respiratory
infection. The remaining 10 children had not had
signs of rheumatic activity for six months or
longer. Of these 10 children, 6 developed rheu-
matic recurrences after latent periods varying
from nine to eighteen days. Five of the 6 chil-
dren who developed rheumatic recurrences showed
a prompt rise in antistreptolysin 0 titer. Three
children who did not develop recurrences also
showed a definite rise in titer (Cases 5, 6 and 9).
The data in regard to these 12 cases are presented
in Table I.

Ten children became carriers of streptococcus
C51. None of them had rheumatic recurrences.
Except for 3 children who showed continuous
low-grade activity, none of the other 83 children
in the institution who did not contract infections
with streptococcus C51 developed symptoms of
rheumatic activity.

2. Streptococcal upper respiratory infections
occurring during the winter of

1938 to 1939
None of the children developed streptococcal

upper respiratory infections during December and
January. Beginning in February 1939 and con-
tinuing through June, 32 children developed up-
per respiratory infections associated with Group
A beta hemolytic streptococci of a single type,
Type 4. The majority of these infections were
definitely more severe than those associated with
streptococcus C51 which had occurred during the
previous winter. Many of the children had fever
of 101 to 1030 F. for two or three days. The

2Nine of these cultures and some agglutinating serum
were sent to Dr. Fred Griffith in England. He agreed
that these strains did not belong to any of the known
Group A streptococcal types and that they were sero-
logically identical.
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275STREPTOCOCCALINFECTIONS IN RHEUMATICFEVER

TABLE I

Data on streptococcal upper respiratory infections with streptococcus C51 and rheumatic sequede during the winter 1937 to 1938

Patient Strep- Blood
Previous tococ

Case rheumatic cus La-
num- attacks Date Clinical findings C51, tent White Sedi- Anti-
ber Name Age Sexm-?deriod Date blood ment- strepto-Name Age Sex at each ber of cels ation lysin 0

colonies rate* titer

years days mm. units
J 8 F 6Cht November 15 2 1003264R 7 Cht December 10 5,000

December 27, 1937 Pharyngitis. No fever. few
16 December 27 5 80

January 12, 1938 Mild carditis. January 13 8,800 31
January 19 8,800 31 100
January 24 30 100
January 30 7,100 21 100
February 4 6,500 4
February 20 6 100

2 A.C. 11 M 3 P and C December 27 7,800
3236 5 P and C December 30 1 80

6 C January 3, 1938 None. 50
8 P and C 12 January 10 11,500

January 15, 1938 Severe carditis, second de-
gree heart block, nodules, January 16 24
erythema. January 19 22,700

January 23 30 200
January 30 24,500 30 250
February 12 15,200 31 300
March 5 9,900 30 300

3 C.F. 10 M 7 Ch December 21 7,600 10 80
3269 7 P January 7, 1938 Pharyngitis. Fever 100 to 15

7 P and C 102.60 for one day. January 8 12,400 6 100
8 Ch January 10 7,800

January 21 9 100
January 24 5,400

No rheumatic sequelae. February 5 21 100
February 7 7,800
February 11 7 100

4 W.C. 11 M 7 P January 18 4,400
3294 January 23 6 50

January 27, 1938 Pharyngitis. Fever 100 to 75%
101.40 for two days. January 27 7,600 28 50

January 28 28 50
February 4 4,850 22 50February 11 17 50

No rheumatic sequelae. February 20 4,800 13 50
March 1 13 60
March 14 5,200 6

5 G.H. 13 F 9PandC February 13 3 50
3278 February 16 9,300

February 19,1938 Pharyngitis. FeverlOO.4to 75% February 19 11,600
102.60 for two days. February 21 20 50

February 22 6,000
February 26 10
March 12 10 100

No rheumatic sequelae., March 21 6,400 9 100
April 7 250
April 14 9,500 2 200
April 20 8,300

l_____April 25 6 100

6 H.S.t 13 F 5 Ch January 22 28 80
3283 7 Ch February 12 23

10 Ch February 16 8,200
11 Ch

February 22, 1938 Pharyngitis. Fever 100.4 25% February 22 14,800
for one day. February 26 18 60

February 28 9,900
March 5 22
March 12 21 100

Mild sinusitis after twenty- March 22 12,800 34
eight days, left antrum March 28 32 100
washed. March 30 8,000

No rheumatic sequelae. April 7 28 200
April 1 1 7,500
April 14 29 165

* Erythrocyte sedimentation rate, Wintrobe-Landsberg method, values over 10 mm. are abnormal.
t The following abbreviations are used: Ch Chorea

P Polyarthritis
C Carditis
Jt P Joint pains
H DHeart disease diagnosed.

t This patient had continuous low grade activity (elevated sedimentation rate), no exacerbation was observed.
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TABLE I (continued)

Patient Strep- Blood
Previous tococ-

Case rheumatic cus La-
num- attacks Date Clinical findings C51, tent White Sedi- Anti-

ber Name xand age num- period DWahtebld ment- 1trePto-

Ae
at each ber of

Dae ells meint lstreptocolonies ce rate* titer

years days mm. units
7 M.D. 14 F 8 P February 13 9,200 5 80

3376 9 P February 23,1938 Pharyngitis. Fever 100.60 12
10 p for one day. February 25 13,100

15 February 26 15 80
February 28 8,700
March 6 18 100

March 9,1938 Polyarthritis. March 9 16,600
March 12 17,200
March 16 27 250
March 22 11,500 19 333
March 28 13,300 29 333
April 16 9,600 12 250

8 E.Mc.t 11 F 6Ch February 12 16 100
3307 7 Jt P February 25 6,100

March 5 21
March 10, 1938 Pharyngitis. Fever 100.4 to few

1010 for two days. March 12 8,500 27 100
March 21 29
March 28 5,500 21
April 3 5,500 29

No rheumatic sequelae. April 17 25 100
April 30 5,000 21 165
May 6 15 165
May 13 13

9 R.W. 11 F 9 P and C February 19 1 50
3381 March 17 5,900 2

March 19, 1938 Pharyngitis. Fever 100.2 to 50%
102.40 for three days. March 19 19,800

March 21 8,100
March 22 16 60

No rheumatic sequelae. March 28 8,100 7 80
April 10 1 100
April 23 1 80
April 30 7,800 1 80

10 F.B. 12 F 7C March 14 6,700
3382 March 21 12 100

March 28, 1938 Pharyngitis. Fever 100 to 25 March 28 17,400 17
1020 for one day. April 3 18 100

15 April 6 10,600
April 10 9,900 18 100

April 12, 1938 Polyarthritis, mild carditis April 12 16,500
(PR interval prolonged). April 16 11,800 31 100

April 21 11,600 20 250
April 30 30 250
May 6 12,600 34 250
May 16 8,200
May 19 25 250

11 F.C. 13 F 6 P March 4 15 100
3361 7 P March 12 6,900

10 P April 2 5
April 5, 1938 Pharyngitis. No fever. 40 Apri 5 8,000

April 7 7,000
18 April 10 10 100

April 17 7,500 12 100
April 20 10,000
April 22 10,000

April 23,1938 Carditis, mild (PR interval April 23 30 100
prolonged). April 25 8,100

April 30 32 200
May 4 6,700
May 6 17 200
May 12 9,400 23 165
May 19 9,900 21
June 9 4,700 10 165

12 R.S. 11 F 5JtP April 28 8,500 5 50
3110 7HD

8 Jt P May 5, 1938 None. few May 5 8,900
9 C 9 May 13 13,900

May 14,1938 Mild carditis.
May 16 12,800
May 22 8,800 31 100
May 29 24 165
May 31 9,500
June 4 28 200
June 6 11,500
June 9 11,300
June 12 7,900 21 165
June 18 18 165
July 2 1 100
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pharynx in most of the cases looked definitely
inflamed and the white blood count was elevated
with counts ranging from 13,000 to 24,000 in a
large proportion of the cases. There were 4 cases
in February. The outbreak reached its peak in
March with 17 cases and declined gradually with
6 cases in April and 5 in May. Eleven of the 32
children showed a definite rise in antistreptolysin
O titer. Fourteen children became carriers of
streptococcus Type 4.

Aside from the streptococcus Type 4 infections
during March, 6 children developed upper respira-
tory infections with streptococci other than Type
4. The cultural characteristics of the organisms
isolated from these 6 cases were so similar that
it was thought possible that they might belong to
one serological type. However, it was impossible
to identify these strains with any of the known
types of streptococci. Attempts to produce agglu-
tinating and precipitating sera by immunizing rab-
bits with one of the cultures isolated from this
group of patients were unsuccessful. Although
the serological identity of these 6 strains was not
proved, they were tentatively considered to repre-
sent the same type, designated as 97T.

The symptoms produced in these 6 children
were similar to those associated with the strepto-
coccus Type 4 infections; and these two infections
could not be distinguished clinically. Three of
these 6 children showed a rise in antistreptolysin
O titer. One child contracted both the Type
4 and the 97T infections.

None of the 38 children who had these strepto-
coccal upper respiratory infections (32 cases due
to Type 4, 6 cases probably due to the group of
organisms represented by 97T) developed rheu-
matic sequelae. Nor did the remaining 70 chil-
dren who escaped streptococcal upper respiratory
infections develop clinical or laboratory signs of
rheumatic activity.

3. Streptococcal upper respiratory infections
occurring during the wrinter of

1939 to 1940

Beginning in November 1939 and continuing
until May 1940, 39 of the 108 children developed
upper respiratory infections associated with Group
A beta hemolytic streptococci of a single type,
Type 27. Most of these infections were slightly

less severe than those associated with streptococcus
Type 4 and streptococcus 97T observed during the
spring of 1939, but definitely more severe than
those associated with streptococcus C51 occurring
during the winter of 1937 to 1938. Following a
latent period of twelve to twenty-two days, 8 of
39 children who had upper respiratory infections
associated with streptococcus Type 27 developed
rheumatic recurrences. The seasonal incidence of
these infections and distribution of recurrences are
presented in Table II.

TABLE II

The seasonal distribution of streptococcus Type 27
upper respiratory infections and incidence of

rheumatic recurrences

Seasonal Number Rheumatic
distribution of cases recurrences

November.. 5 1
December . 8 2
January..... 16 2
February. ..... 3 0
March . 6 2
April ..... 1

Total ..39 8

The data regarding the 8 children who devel-
oped rheumatic recurrences are presented in Table
III.

The severity of the pharyngitis varied greatly.
Two children had no fever and one had slight
malaise with a maximum temperature of 100.4° F.
on one day. The other 5 had definite febrile reac-
tions accompanied by elevated leukocyte counts.
With one exception, the number of streptococci
present in the throat was large. After a latent
period varying from eleven to twenty-two days
following the streptococcal pharyngitis, these 8
patients developed clear-cut rheumatic manifesta-
tions. Four of the 8 children showed a rise in
antistreptolysin 0 titer within a month or less fol-
lowing the upper respiratory infection. In 3, a
slight or questionable rise occurred after five
weeks and in one there was no rise.

Of the 31 children in whom the streptococcal
pharyngitis was not followed by rheumatic
sequelae, 6 showed a definite rise in antistrepto-
lysin 0 titer. Three of these 6 children devel-
oped cervical adenitis accompanied by a secondary
rise in temperature. The remaining 25 children,
who escaped rheumatic recurrences, showed no
significant rise in antistreptolysin 0 titer.
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TABLE HI

Data on streptococcal upper respiratory infections with streptococcus Type 27 followed by rheumatic sequelae
in 8 children during the wsnter 1939 to 1940

Patient Strepto- Blood

Case Type tennum- Date Clinical findings 27, wWhite Sedi- Anti-
ber num-.

ro Dae bodment- strpoName Age Sex ber ofid Dt cells ation lysinO0colonies cls rate titer

years days #mm. units
I I.M. 10 F October 17 1 165

3513 November 6 8,300 7 165

November 17 1939 Pharyngitis. Fever 103.6 to 75% November 17 15,200
1010 for three days. November 20 9,200 30 100

19 November 28 31 250
December 5 29 250

December 6, 1939 Polyarthritis, carditis (PR
interval prolonged). December 7 13,700

December 15 14,800 28 250
December 22 23
January 6 14 250
January 11 6,500

anuary 14 15 250
February 1 12 200
February 10 8,300
February 17 6 200

2 H.W. 9 F November 25 5,400
3457 December 5 5 100

December 17,1939 Malaise. Fever 100.40 for 30
one day.

11 December 21 19 100
December 28, 1939 Carditis. December 28 17,000 15

January 2 15,700
anuary 4 11,200 32 165

January 12 33 200
anuary 15 10,500

January 19 35 250
J anuary 26 28 200

anuary 29 8,900
February 2 27 200
February 19 7,000
February 23 23 200
March 1 16

3 O.G. 13 F December 6 3 40
3345 December 13 7,800

December 22, 1939 Pharyngitis, slight adenitis. 80%
Fever 103 to 100.20 for December 23 17,900 28 40
three days. December 26 10,600

17 December 28 12,500
January 6 6

January 8, 1940 Polyarthritis, carditis (PR
interval prolonged). January 9 11,500 33 80

prolonged). ~~January 15 9,900 33 165
January 22 10,700 34 250
January 29 33 250
January 31 9,200
February 12 27 150
February 19 21 150
February 26 4,500 18 100

* This boy's sedimentation rate had been continuously elevated from the date of admission, October 11, 1938, a period
of over a year. His rheumatic process, therefore, was never considered entirely quiescent. However, the attack of
polyarthritis was typical and followed the streptococcal pharyngitis after the usual latent period.
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TABLE III (continued)

Patient Strepto- Blood
~~~~~~~~~~~~~COCCUSLa-Cane Type tentnum- Date Clinical findings 27,pe- White Sedi- Anti-

ber Name Age Sex num- riod Date blood ment- strepto-
ceroloie cells ation lysin 0coloniei; m~~~~rte titer

years days mm. units
4 J.C. 13 F December 26 2 100

3323 January 6 3
January 8 9,200

January 12, 1940 Pharyngitis. No fever. 8 12 January 17 1 100

January 24, 1940 Fever, erythema multiforme,
knee painful. January 26 10,100 24 100

J nuary 29 10,300
anuary 31 11,400

February 2 27 100
February 9 1 100
February 13 8,500

5 R.T.* 11 M December 11 27 100
3449 January 4 6,400

anuary 13 19
January 22, 1940 Pharyngitis. Fever 103.6 to 75%

101.40 for three days. January 23 18,300
January 24 35 100

18 January 26 11,100
January 31 7,900 24 100
February 8 31

February 9, 1940 Polyarthritis. February 10 9,400

February 15 28 300
February 22 32 300
February 24 10,900
February 27 5,700
February 29 32 300
March 21 6,000 29 250

6 A.D. 13 F March 15 8 60
3436 March 20 6,200

March 25, 1940 Pharyngitis. Fever 102.4 to 75% March 25 12,200
100.4° for two days. April 1 10,300

17 April 4 10,900
April 11, 1940 Carditis (PR interval pro-

longed). April 12 14,700
April 13 35
April 18 10,000
April 20 20 80
April 27 13,200 32 80
May 2 10,300
May 4 25 80
May 9 13,100
May 11 9,100
May 18 31 100
June 10 5,900 10 100

une 24 6,100June 30 12 60
7 A.B. 11 F March 6 1 200

3518 March 9 4,400
March 15 1 200

March'26,'1940 Pharyn,pitis. Fever 102.2 to 70%
100.6 for two days. March 28 12,300 3 165

April 1 9,500
22 April 4 13

Apnl 11 8

April 17,1940 Carditis. April 15 10,300
Apri 18 12,500 19 200
April 22 13,600
April 25 14 200
May 2 8,900 21 250
May 1S 5,900 6 250
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TABLE III (conttinued)

Patient Strepto- Blood
~~~~~~~~~~~~~~~~~coccusLa--

Case Type tent
num- Date Clinical findings 27, pe- White Sedi- Anti-
ber Name Age Sex r of riod Date blood meat- strepto-

colonies cells rate titer

yeaws days mm. snits
8 T.L. 13 F March 2 3 80

3508 April 9 1 60

April 19, 1940 Pharyngitis. No fever. 80% April 15 6,800
April 20 8,500

20 April 24 8,900 15
May 2 8,850 6 80

May 9, 1940 Carditis (PR interval pro- May 9 10,500 14 80
longed), erythema. May 13 13,700 34 80

Mav 20 6,700 33 80
May 27 32 100
May 29 9,500
June 10 4,700 17 100
June 30 8 80
July 10 6,000

Three children who still had some evidence of
rheumatic activity when they were admitted in
the fall developed exacerbations dFuring the course

of the winter. Twenty-three children who be-
came carriers of streptococcus Type 27 showed no

signs of rheumatic activity. None of the remain-
ing 43 children in the institution developed rheu-
matic manifestations from November 1939 until
July 1940.

Comparison of the three epidemic strains isolated
1937 to 1940

Since the effect of these three outbreaks of
streptococcal upper respiratory infections varied
greatly in regard to the incidence of rheumatic
recurrences, it seemed of interest to compare the
three epidemic strains. Therefore, streptococcus
C51 (Case 2, Table I), streptococcus Type 4
(Lee) and Type 27 (Case 1, Table III), as well
as one of the strains of undetermined type iso-
lated in March 1939, 97T (Tudda), were com-

pared as to capsule formation, colony form, mouse

virulence, production of the type specific protein
"M " and toxin production.

METHODS

Capsules. Capsules were studied in India ink prep-
arations with freshly isolated cultures grown from three
to five hours in tryptic digest broth. One large loop of
culture and one small loop of sterilized India ink were

mixed on a plain slide. A coverslip was then pressed

down on the drop so as to make a thin layer. The
preparation was examined with an oil immersion lens.
Only organisms which appeared to be surrounded by a
clear area of approximately 1 mm. or more in diameter
were considered to have capsules.

Colony type. Broth cultures of recently isolated strains
were streaked on freshly prepared 5 per cent rabbit blood
agar plates so as to obtain discreet colonies. The plates
were sealed with parafilm and incubated for eighteen
hours. The watery appearance of typically mucoid col-
onies was striking. Matt colonies were identified with
the aid of a colony microscope.

Mouse zirulence. One tenth cc. of an eighteen-hour
broth culture of recently isolated strains was injected
intraperitoneally into mice, weighing approximately 20
grams. If this amount failed to kill, the culture was
considered avirulent. Attempts to raise the virulence of
C51, Type 4 and 97T by serial mouse passage proved
unsuccessful.

Anti " M" precipitating sera. Rabbits were immunized
with different strains of the epidemic streptococci C51,
Type 4, 97T and Type 27 to determine if precipitins for
the type specific protein " M" could be produced. With
streptococcus C51 and Type 4, sera were obtained which
gave positive precipitin reactions with " M" extracts of
the homologous types. To date, the preparation of anti
" M" precipitating sera with streptococcus 97T and Type
27 has been unsuccessful.

Toxin production. Toxin production was tested by the
intravenous injection (7) into rabbits of forty-eight-hour
toxin prepared in the usual way (8). For purposes of
comparison, a forty-eight-hour toxin was prepared at the
same time with the standard toxin strain, NY5. It was
found that 1 to 2 cc. of the NY5 killed full-grown rab-
bits regularly in eighteen hours, whereas 10 to 15 cc. of
the toxins prepared from the other four strains failed to
kill.
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The toxin production was further tested on 4 Dick-
positive rheumatic children. The NY5 toxin in a dilu-
tion of 1: 5000 gave positive reactions in all 4 children,
whereas the toxins of the four other strains diluted
1: 1000 gave irregular results, one child reacting posi-
tively and another negatively to the same toxin. In view
of the fact that these 4 children were known to have had
fairly recent streptococcal upper respiratory infections,
it was thought that the positive reactions might be due
to sensitivity to streptococcal protein rather than to toxin.
These tests, therefore, were considered unreliable.

The results of the comparison of the four
strains are presented in Table IV.

TABLE IV

Comparison of the epidemic strains of streptococci

Num-
Num- ber

ber of Mouse Eryth-
Strain Year of rheu- Capsule Colony viru- " M" rogenic

cas matic lence toxin
U.RJ.I recur-

rences

C51 1937-1938 12 6 large large negative + negative
mucoid

tType 4 32 0 negative medium negative + negative
Spring matt

1939
97T 6 0 large mucoid negative ? negative

Type 27 1939-1940 39 8 large large negative ? negative
mucoid

* U.R.I. = upper respiratory infections.
t Since this paper was accepted for publication, com-

parative tests on the production of streptolysin 0 and
fibrinolysin by the epidemic strains C51, Type 4, and
Type 27 have been made. It was found that Type 4
produced a more potent streptolysin 0 and a more active
fibrinolysin than either C51 or Type 27.

The comparison of these cultures showed that
the only notable difference between the Type 4
organisms, C51, and Type 27 was in the absence
of a capsule and in the character of the colony.
Although capsulated, mucoid streptococci are usu-
ally considered to be more virulent than matt
strains, the upper respiratory infections associated
with streptococcus Type 4 were more severe than
those associated with streptococcus C51 and strep-
tococcus Type 27. It is of interest, furthermore,
that during the spring of 1939 when Type 4 was
prevalent, 6 children had upper respiratory infec-
tions associated with capsulated mucoid strepto-
cocci of undetermined types. These 6 children
also failed to develop rheumatic recurrences.

Coburn and Pauli (9) have described the isola-
tion of Group A beta hemolytic streptococci which
were ineffective in precipitating rheumatic recur-
rences in apparently susceptible rheumatic indi-

viduals. These authors were of the opinion that
these strains differed from those associated with
the subsequent development of rheumatic manifes-
tations mainly in being poor toxin producers. In
the experiments recorded above, no evidence was
obtained to indicate that C51 and Type 27 pro-
duced particularly strong toxins.

The findings summarized in Table IV suggest
that an unknown factor associated with strepto-
cocci which precipitates rheumatic fever may have
been lacking in Type 4 organisms. Since both
C51 and Type 27 appeared capable of precipitating
rheumatic recurrences, it can be assumed that
these two strains contained or carried the hypo-
thetical special rheumatic factor. The failure of
some children to develop rheumatic fever follow-
ing infections with these two strains might be ex-
plained on the basis that these individuals were in
a refractory state and therefore were insusceptible
to rheumatic fever at that particular time.

It was thought of interest to compare the rheu-
matic histories of the 31 children who did not
develop rheumatic recurrences following the strep-
tococcus Type 27 pharyngitis with those of the
8 who did. Ten of the 39 children, who had up-
per respiratory infections associated with strepto-
coccus Type 27 during the winter of 1939 to 1940,
had had pharyngitis due to streptococcus Type 4
the previous year. Four children who had rheu-
matic recurrences following the Type 27 infections
had escaped rheumatic sequelae following the
Type 4 pharyngitis (Cases 1, 2, 4, and 7, Figure
1).

The rheumatic histories and cardiac findings
before and after admission of the 39 children who
had the Type 27 pharyngitis are presented in
Figure 1.

According to Wilson (2), the rheumatic mani-
festation of greatest prognostic significance is car-
ditis. Figure 1 shows that a large proportion, 6
out of 8, of the children who developed rheumatic
recurrences following streptococcus Type 27
pharyngitis had had carditis. However, 14 of the
31 children who escaped rheumatic sequelae also
had had definite cardiac involvement. Four chil-
dren who were considered to be particularly vul-
nerable because their hearts were enlarged failed
to develop rheumatic manifestations following the
streptococcus Type 27 upper respiratory infection
(Cases 23, 29, 35, 37, Figure 1). The average
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age of the 8 children who developed rheumatic re-

currences was 11.6 years, and that of the 31 chil-
dren who escaped was 9.8 years.

Coburn (10) is of the opinion that the type of
immune response elicited by streptococcal pharyn-
gitis in rheumatic subjects determines whether or

not the rheumatic recurrences will develop. Ac-
cording to this observer, if the rise in antistrepto-
lysin 0 titer is delayed rather than prompt, rheu-
matic sequelae are more likely to occur.

In 9 of the 14 rheumatic recurrences following
streptococcal upper respiratory infections observed

by us, the rise in antistreptolysin 0 titer was not
delayed. As already mentioned, 4 children who
developed rheumatic manifestations following
Type 27 streptococcus pharyngitis had had the
non-effective Type 4 streptococcus upper respira-
tory infection during the spring of 1939. The
immune response of these 4 patients to these two
infections was identical. The rise in the anti-
streptolysin 0 titer of 2 of these children, both to
the streptococcus Type 4 and Type 27, was marked
and prompt. One child failed to show a rise
either to the Type 4 or to the Type 27, and in the
other child the rise in both instances was doubtful.

AGE IN YEAS
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FIG. 1. RHEUMATICHISToRIES OF 39 PATIENTS WHODEVEOPEDSTREPTOCOCCUSTYPE
27 PHARYNGITIS

Cases 1 to 8 represent the rheumatic histories of the 8 patients who developed rheu-
matic recurrences. Cases 9 to 14 represent the rheumatic histories of the 6 patients
who showed a rise in antistreptolysin 0 titer without developing rheumatic se-
quelae. Cases 15 to 39 showed no rise in antistreptolysin 0 titer and no rheumatic
manifestations.

* The symbols used in this Figure were devised by the New York Heart Association.
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SOURCEOF THE EPIDEMIC STRAINS

In view of the fact that outbreaks of strepto-
coccal upper respiratory infections are considered
likely to precipitate rheumatic recurrences, it is the
policy of some sanatoria and convalescent homes
for rheumatic children to exclude children who
are streptococcus carriers. It therefore was

thought of interest to trace the probable source of
each of the epidemic strains and also report the
findings in regard to Group A beta hemolytic
streptococcus carriers during each of the three
winters.

Children who were found to be streptococcus
carriers on admission usually carried small num-

bers of organisms and therefore were not ex-

cluded. Only one boy who had chronic sinusitis
with marked purulent nasal discharge, which con-

tained Group A beta hemolytic streptococci in al-
most pure culture, was sent home immediately.

1937 to 1938

The epidemic strain of this year, streptococcus
C51, was introduced by a carrier admitted in May
1937 and discharged in October of that year.

During the summer and fall of 1937, 5 other chil-
dren became carriers of this strain. The first case

of streptococcus C51 pharyngitis appeared at the
end of December 1937.

Carriers. From December 1, 1937 until June
1, 1938, 17 children were carriers of Group A beta
hemolytic streptococci other than the epidemic
strain C51. No cases of pharyngitis developed
which could be attributed to infection with any of
these 17 strains.

1938 to 1939

The epidemic strain of this year, streptococcus
Type 4, was first isolated from a child with acute
pharyngitis. Since streptococcus Type 4 had not
been present before, it was thought probable that
this child had contracted the upper respiratory in-
fection from her parents who had visited her two
days before she became ill. The source of strep-
tococcus 97T, which was considered the cause of
the other 6 cases of pharyngitis occurring during
this year, was not determined.

Carriers. From December 1, 1938 until June
1, 1939, 19 children were carriers of Group A beta

hemolytic streptococci other than the epidemic
strain, streptococcus Type 4. Among these 19
strains, 6 were found to be Types 5, 12, 17, 18,
19, and 29, respectively. One child who had had
streptococcus C51 pharyngitis during March 1938
continued to carry this organism until June 14,
1939. The types of the remaining 12 carrier
strains were not determined. No cases of pharyn-
gitis developed which could be attributed to infec-
tion with any of these 19 strains.

1939 to 1940
The epidemic strain of this year, streptococcus

Type 27, was introduced by a child who had a
tonsillectomy done in another hospital. She was
readmitted two days after the operation. She
had fever for five days after her return, and dur-
ing that time throat cultures showed large num-
bers of streptococcus Type 27.

A second strain of undetermined type, desig-
nated as R31, was also prevalent during this year.
This organism was introduced in June 1939. A
large number of children, a total of 22, gradually
became carriers of this strain. Only one child
developed a mild pharyngitis due to this organism.
After a latent period of fourteen days, this patient
showed low-grade symptoms of rheumatic
activity.

Carriers. From December 1, 1939 until June
1, 1940, 11 children were carriers of Group A
beta hemolytic streptococci other than strepto-
coccus R31 and the epidemic strain, streptococcus
Type 27. Four children who were in the institu-
tion during the spring of 1939 carried the epi-
demic strain of that year, streptococcus Type 4,
during the winter of 1939 to 1940.

Of the 11 carrier strains 6 were found to be
Types 2, 4, 6, 12, 17, and 29, respectively. The
types of the other 5 carrier strains were not de-
termined. No cases of pharyngitis developed
which could be attributed to infection with any
of these 11 strains.

DISCUSSION

Three outbreaks of streptococcal upper respira-
tory infections occurring during three successive
winters in a sanatorium for rheumatic children
are reported. Each epidemic was associated with
Group A beta hemolytic streptococci of a single
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type, but a different type was prevalent in each
outbreak. The incidence of rheumatic recurrences
following these three waves of streptococcal
pharyngitis varied greatly. In the first outbreak,
following a latent period, half the children showed
signs of rheumatic activity; in the second, all the
children escaped rheumatic sequelae; and in the
third, a relatively small proportion developed
rheumatic recurrences. A comparison of the two
types of streptococci associated with recurrences
(i.e. " effective " strains) and the " non-effective"
strain failed to show any significant differences.

At the present time, there is, in our opinion, no
adequate explanation of why rheumatic manifesta-
tions sometimes follow in the wake of streptococ-
cal upper respiratory infections and sometimes do
not. It seems possible that either the "non-
effective " strains of Group A beta hemolytic strep-
tococci lack some unknown, hypothetical factor
necessary for the precipitation of rheumatic re-
currences, or that the vulnerability of rheumatic
subjects to the effect of streptococcal upper re-
spiratory infections varies greatly from year to
year.

Following infection with the two "effective"
strains of streptococci, rheumatic recurrences de-
veloped sporadically over a period of months. It
therefore must be assumed that these organisms
carried the hypothetical rheumatic factor through-
out the epidemics. However, a large number of
children who had streptococcal pharyngitis due to
these strains failed to develop demonstrable signs
of rheumatic activity, suggesting that these indi-
viduals may have been in a refractory state. A
comparison of the rheumatic histories of the chil-
dren who did and those who did not develop rheu-
matic recurrences showed no striking differences.

An analysis of the previous rheumatic attacks
of the 14 children who developed rheumatic re-
currences following streptococcal upper respira-
tory infections showed that the rheumatic mani-
festations in each patient tended to follow a
certain pattern characteristic of the particular
individual. Mild and severe rheumatic mani-
festations followed infection with the same strain
of Group A beta hemolytic streptococci.

The effect of streptococcal upper respiratory
infections in precipitating rheumatic sequelae has
usually been studied in rheumatic patients with
marked cardiac damage who are known to be sub-

ject to frequent rheumatic recurrences. In this
study, children in the early stages of rheumatic
fever were selected because it is of primary im-
portance to determine what factors precipitate
recurrences before marked cardiac damage has de-
veloped. It has been found (11) that in the ma-
jority of cases severe cardiac involvement occurs
within five years after the initial attack of poly-
arthritis or carditis. At the present time, there
is no way of predicting the subsequent course of
a child shortly after his first attack of polyarthritis
or carditis. It is therefore of interest that 31 chil-
dren (Cases 9 to 39, Figure 1) who contracted
the " effective " streptococcus Type 27 pharyn-
gitis within five years following their first attack
of polyarthritis or carditis escaped rheumatic
sequelae.

During 1937 to 1938 the probable source of the
epidemic strain was a patient who was a strepto-
coccus carrier. During 1938 to 1939 and 1939 to
1940 the probable sources of the epidemic strains
were 2 children who developed acute upper re-
spiratory infections as the result of outside con-
tacts. During all three years, a fairly large pro-
portion of the children carried Group A beta
hemolytic streptococci of various types which, in
most instances, did not spread or cause pharyn-
gitis. It is noteworthy that some of these carrier
strains had capsules and formed mucoid colonies.
It is our impression that cases of upper respira-
tory infections due to types of streptococci not
previously present in the community are the most
likely sources of epidemic strains. Occasionally,
a carrier strain may spread slowly from child to
child and after several passages produce clinical
symptoms of upper respiratory disease. How-
ever, at the present time, it is impossible to predict
which carrier strain will behave in this way.

In view of these findings, it does not seem to
us that the exclusion of rheumatic children from
sanatoria or convalescent homes because they are
carriers of small or moderate numbers of Group
A beta hemolytic streptococci is warranted. One
or two throat cultures taken before admission are
not adequate to exclude carriers. Children who
are carriers may have negative throat cultures for
several weeks, or months, and then again show
fairly large numbers of streptococci of the same
type.

A large proportion of children who have had
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streptococcal pharyngitis continue to carry strep-
tococci for months after recovery. It has been
found by several observers (12), as well as our-
selves, that although sulphanilamide may reduce
the number of streptococci carried temporarily,
this drug does not clear up carriers permanently.
At the present time, no effective way of clearing
up streptococcus carriers is known and it is not
feasible to isolate children for months at a time.
It therefore is impossible to eliminate Group A
beta hemolytic streptococci even in a relatively iso-
lated group of children.

As far as explaining the role of Group A beta
hemolytic streptococci in the etiology of rheumatic
fever is concerned, our observations leave many
questions unanswered. Although the total num-
ber of rheumatic recurrences, namely fourteen,
observed during the three winters among more
than 300 rheumatic children is small, it is striking
that all of these followed in the wake of strepto-
coccal pharyngitis. No child who escaped strep-
tococcal upper respiratory infections developed
rheumatic manifestations. On the other hand,
many children who contracted infections with the
" effective ' strains of streptococci remained well.

At the present time, the situation in regard to
rheumatic fever is analogous to that which pre-
vailed in regard to scarlet fever before the dis-
covery of erythrogenic toxin and the Dick test.
We now know that toxin-producing strains of
streptococci are likely to produce scarlet fever in
Dick-positive individuals. In rheumatic fever, we
are unable to ascertain the state of susceptibility
of the patient or what special property or factor
makes certain strains of streptococci " effective."
It seems possible that fluctuations in the resistance
of rheumatic individuals from year to year may
be more important in precipitating rheumatic re-
currences than qualitative or quantitative differ-
ences between various strains of streptococci.

It is undoubtedly important to continue the
study of the relationship of streptococci to the
etiology of rheumatic fever. However, another
approach to the problem should also be borne in
mind. It seems possible that the streptococcus
may be merely an indicator which accompanies the
invasion or reactivation of a hypothetical rheu-
matic agent. The entrance or increased activity
of this agent may enhance the infectivity of strep-
tococci, just as the multiplication of herpes sim-

plex is facilitated by certain diseases which appar-
ently lower the resistance of the patient. If this
hypothesis is true, the failure of certain children
to develop rheumatic sequelae following pharyn-
gitis due to "effective" strains of streptococci
might be explained on the basis that re-infection
with exogenous rheumatic " virus " or reactivation
of endogenous rheumatic " virus " had not taken
place at that particular time. The latent period
observed following "effective" streptococcal ulp-
per respiratory infections might represent the
interval after the new attack or reactivation neces-
sary for the rheumatic agent to multiply suffi-
ciently to produce demonstrable symptoms.
Strains of streptococci would then be " effective "
or " non-effective " depending on whether or not
they were coincident with a fresh infection or a
reactivation of the rheumatic agent. The proof
of this hypothesis depends on the isolation of a
rheumatic " virus."

CONCLUSIONS

1. The effect of three outbreaks of streptococcal
upper respiratory infections during three succes-
sive winters in a colony of rheumatic children are
described. Each of these outbreaks was due to
infections with a single type of Group A beta
hemolytic streptococci, but during each epidemic
a different type was prevalent.

2. The incidence of rheumatic recurrences fol-
lowing these streptococcal upper respiratory in-
fections varied greatly-from none to a large
proportion of the cases.

3. A comparison of the epidemic strains failed
to reveal any significant differences which might
account for the variations in the incidence of
rheumatic recurrences.

4. A comparison of the rheumatic histories of
children who escaped and of those who developed
rheumatic recurrences following pharyngitis due
to " effective " strains of streptococci likewise did
not show any striking differences. Our findings
suggest that the vulnerability of the rheumatic
subject to the effect of streptococcal upper respira-
tory infections is variable, and depends on factors
which at the present time are not understood.

5. No rheumatic recurrences were observed in
children who escaped streptococcal upper respira-
tory infections during the three-year period.
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