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Acute glomerulonephritis and acute rheumatic
fever are considered to be non-suppurative com-
plications of group A streptococcal infections. The
mechanism of production of these two sequelae has
not been clearly defined nor has the exact relation-
ship of group A streptococcal infections to glo-
merulonephritis been thoroughly elucidated. It is
the purpose of this report to indicate the variability
of the occurrence of glomerulonephritis and to
present data which may explain the cause of this
variation.

EPIDEMIC NEPHRITIS

One of the peculiar epidemiological characteris-
tics of acute glomerulonephritis has been the vari-
ability in its occurrence. Although generally con-
sidered to be a sporadic disease, occasionally an
unusually high incidence of acute nephritis has
been recorded both in wide-spread epidemics and
in focal outbreaks in small population units.

Considering first the larger epidemics, Wahrer
(1) observed 35 patients with acute hemorrhagic
nephritis developing in a group of 195 patients
with scarlet fever. This high attack rate following
scarlet fever was unusual in Wahrer's experience.
During World War I, beginning about February,
1915, a large epidemic of nephritis (termed trench
nephritis) occurred among Allied and German
troops (2). In a five month period there were
more than 1,000 cases reported among British
troops alone. Although etiological studies were
meager, hemolytic streptococci were isolated from
the oropharynx of some patients (3) and the clini-

' This investigation was supported by the Helen Hay
Whitney Foundation, and in part by the Commissions on
Acute Respiratory Diseases and Streptococcal Diseases,
Armed Forces Epidemiological Board through the Offices
of The Surgeons General, Departments of the Army and
Air Force, Washington, D. C.

2 Presented in part before the Association of American
Physicians, Atlantic City, May, 1952.

3 Fellow of the Youngstown Heart Association, 1952.

cal and pathological features were similar to those
observed in the nephritis which follows scarlet
fever (4).

In 1926 Peace (5) observed 8 patients, each of
whom developed nephritis 12 to 14 days after an
attack of acute tonsillitis. These patients lived in
the same neighborhood within 50 yards of each
other. An epidemic of 17 cases of acute nephritis
occurred during a three month period in a mental
hospital in England (6). During the preceding
five years only 1 case of nephritis had been recog-
nized among an average census of 624 patients.

In 1945, 38 patients suffering from acute nephri-
tis were admitted to a clinic in Amsterdam, whereas
the average yearly admissions during the preced-
ing 14 years was seven (7). About the same
time other epidemics were noted in Holland, Eng-
land, and Italy. Klein (8) studied 39 cases of
nephritis in the period from May through De-
cember, 1945; 38 of these patients were seen in a
hospital in Groningen. In this group there were
six women who were admitted from a political
camp during a six week period. In England from
1945 to late 1946, 159 cases of nephritis were ad-
mitted to the Greenock Royal Infirmary (9)-a
notable increase over former years. Local physi-
cians estimated that there were about five mild
cases in the home for each case admitted to the
hospital. During the two year period, there were
2 patients from each of two households, and 3 pa-
tients from a third household. From five streets
there were 5 to 10 patients each. At the time of
admission to the hospital, beta-hemolytic strepto-
cocci were isolated from the throats of 50 patients.
At about the same time Brod (10) reported the
occurrence of a relatively large number of cases
of nephritis in Italy.

Pratas (11) recorded two small epidemics, one
of 10 cases in 1942, and another of 14 cases in
1943. Cascalea, Arias, and Parada (12) observed
an epidemic of 23 cases among military person-
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nel in Argentina. Sixteen of the patients came
from one infantry regiment and 7 from another
regiment. In all of these patients the illnesses be-
gan at about the same time.

In addition to these larger epidemics, a num-
ber of outbreaks within family units has been de-
scribed. Addis (13), in his extensive experience,
has observed five families in which three or more
members were involved and two families where
there were two members with nephritis. Klein (8)
observed 2 cases in each of three families. Pratas
(11) recorded 3 cases of nephritis in siblings.
During the course of an epidemic of nephritis,
Fleming (9) saw one household with 3 cases, and
two housholds with 2 cases of nephritis. In Oc-
tober, 1918, Thomson and MaCauley (14) ob-
served four children with clinical signs of nephritis
in a family of eight. Hill (15), in 1919, saw at
least three families in which two or more children
had nephritis at the same time following illnesses
characterized by sore throat. Perhaps the most
famous outbreak in a family group is that de-
scribed by Ernstene and Robb (16). These
authors described the occurrence of sore throats in
8 of 10 siblings, and in six of these children signs
and symptoms of nephritis developed 7 to 12 days
after the onset of the infection.

Schuricht (17), in 1933, described an out-
break of scarlet fever involving seven of a family
of 11 children. Of this group, three developed
classical signs and symptoms of nephritis, and four
others developed hematuria. Ellenberg and Martin
(18) observed three siblings who developed acute
nephritis at about the same time. Rinkoff, Stern,
and Schumer (19) reported 3 cases of nephritis
in the same family. Tudor (20) observed an acute
respiratory disease in four siblings; two of these
developed signs of nephritis, one exhibited hema-
turia and the fourth was normal. Kilpatrick (21)
observed three girls from the same family who were
admitted to the hospital with acute nephritis in
October, 1944. Gezon (22) studied one family
in which the father developed recurrent rheu-
matic fever and four of six children developed glo-
merulonephritis within a period of two months.
Spink (23) studied a family of seven persons, six
of whomhad scarlet fever. All six subsequently
developed acute glomerulonephritis. Nephritis
developed in 5 and possibly 6 of 10 children ob-
served by Martin (24) in Rochester.

Eason, Smith, and Buchanan (25), in a discus-
sion of the possible role of heredity in nephritis, de-
scribed several outbreaks that were undoubtedly
acute glomerulonephritis. Two brothers with
acute nephritis were admitted to the hospital at
about the same time. In another family, a father
had recurrent nephritis, a son developed acute
nephritis, and a daughter was found to have albu-
minuria. A third family of seven lived in a house
consisting of one room, kitchen, scullery and lava-
tory. All three sons, ages 18, 19, and 20 years,
were admitted to the hospital with acute nephritis
within several weeks of each other. The urines
of the father and of one daughter were examined,
and the specimen from the daughter contained
albumin.

OCCURRENCEOF ACUTEGLOMERULONEPHRITIS

FOLLOWINGSCARLETFEVER

It is generally accepted that glomerulonephritis
occurring after scarlet fever has not been as com-
mon during the past several decades as in former
years. Modern textbooks (26-28) state that
nephritis rarely follows an attack of scarlet fever,
whereas Osler (29) in 1914 observed that the at-
tack rate of nephritis was 10 to 25 per cent.

McCrae (30) in 1913 remarked that nephritis
followed scarlet fever in from 3 to 70 per cent of
all cases. In a discussion of the frequency of post-
scarlatinal nephritis, Elwyn (31) referred to the
figures of other authors: Rolley, 7 per cent; Weiss,
9 per cent; Heubener, 10 to 20 per cent; and Jack-
man, 20 per cent. It would appear from these
figures not only that glomerulonephritis was a
fairly frequent complication of scarlet fever several
decades ago, but also that the incidence of nephri-
tis varied widely.

A number of clinicians recognized the variability
in the occurrence of nephritis in patients with scar-
let fever. Barr (32) in 1887 stated that nephri-
tis occurred more frequently in some epidemics of
scarlet fever than in others, thus altering the belief
of a direct influence of the scarlet fever poison
on the renal cells. Smith (33) remarked in 1892
that nephritis was a variable complication since
West found albumin in the urine of only 4 per cent
of patients with scarlet fever, whereas Atkinson
observed some epidemics where albuminuria was
noted in 70 per cent of patients. In 1909 Hunter
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TABLE I

Incidenac of acute nephritis folloving scarlt feesr

Alit

Royer (40)
Wahrer (1)
Benedict (41)
Beatty (42)
McCrae (43)

hor

Date
of

study

1906
1906
1906
1907
1911

Dublin (44)
Fox and Gordon (45)
Kinloch, Smith, and Taylor (46)
Toomey and Dolch (47)
Wylie (48)
Gordon (49)
Toomey and Dolch (50)
Welford (51)
Lichtenstein (52)
Lucchesi and Bowman (53)
Veldee, Stevenson, and

Mitchell (54)
Bradford (55)
Benedict (41)
Hogarth (56)
Wesselhoeft and Smith (57)
Peters and Havard (58)
Sako, Dwan, and Platou (59)
de Waal (60)
Ulrich and Young (61)
Fox and Hardgrove (62)
Kodama and coworkers (63)
Strom (64)
French (65)
Gibel and Litvak (66)
Rascoff and Nussbaum (67)

1916
1923
1923
1926
1927
1927
1928
1928
1929
1929
1931
1931
1932
1937
1937
1937
1938
1938
1939
1939
1939
1939
1939
1940
1940

Patients with
scarlet
fever

526
195

Unknown
550
850

1,153
1,000

500
1,658

29
367

60
275
350

2,332

82
533
741
'I15
100
150
100

2,169
96

100
65

122
170

1,592
42

Per cent
developing
nephritis

7.43
18.0
14.2

3.1
12.5

2.9
1.2
2.8
2.4

17.0
4.0
6.6
3.3
0.6
1.2

12.2
4.5
9.2
0.9
1.0
3.3

11.0
0.4
2.1
2.0
0
0
0
0.6
0

Remarks

Includes cases of albuminuria with casts
Hemorrhagic nephritis

Five patients gave history of previous
nephritis

Definite nephritis

Blood casts which persisted

Hemorrhagic nephritis

Late albuminuria plus hematuria

56 received antiserum

134 received serum
One-half not treated

(34) recorded that nephritis was a variable com-
plication of scarlet fever.

More recently a number of investigators have
commented on the fact that post-scarlatinal nephri-
tis is less common than past experience dictated.
In 1927 Campbell (35) showed that the incidence
of acute nephritis following scarlet fever was not
as high as it was usually considered to be, and,
in fact, was then less than 3 per cent. Rolleston
(36), in 1930, commented on the use of antitoxin
in the treatment of scarlet fever, and stated that
the frequency of nephritis had so diminished in
the years immediately preceding the introduction
of antitoxin that he was unwilling to regard the
treatment as being in any way responsible. Seegal,
Seegal, and Lyttle (37), in 1935, remarked that
scarlet fever played a relatively minor role in initi-
ating attacks of nephritis. Murphy, Grill, and
Moxon (38) concluded that scarlet fever can no
longer be looked upon as the chief cause of glo-
merulonephritis and Wesselhoeft (39), in 1941,
stated that nephritis is actually an infrequent
complication.

Data showing the reported attack rates of glo-
merulonephritis following scarlet fever are shown
in Table I. Specific therapy was administered dur-
ing the acute infection only where noted. Presum-
ably all patients had routine urinalyses and were
studied for approximately three weeks. The cri-
teria for the diagnosis of nephritis in these studies
varied considerably and in some instances were
not recorded. For example, McCrae (43) in-
cluded as cases of nephritis all patients with albu-
min or casts in the urine, whereas if only those
patients are included who had either physical signs
of nephritis, or red cells, albumin and casts in the
urine, 2.7 per cent rather than 12.5 per cent of pa-
tients would have been so classified. In contrast,
Wahrer (1) observed a group of 195 patients with
scarlet fever, 35 of whom developed hemorrhagic
nephritis. Thus even though standard criteria for
diagnosis were not employed, it is apparent that
there has been considerable variation in the at-
tack rate of acute nephritis following scarlet fever.

A more accurate estimation of the degree of vari-
ation in the attack rate of nephritis following scar-
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TABLE II

Variations in incic of nephritis follwing scarlet fever
obsed in four hoepit

Number of
case of

Author Year scarlet fever Nephritis
6r tou

Granrud (68)

Hunter (34)

Joe and Williamson
(69)

Peters and Cullum
(70)

1890
1913
1937
1938
1939
1946
1904
1905
1906
1907

1920
1921
1922
1923
1924
1925

1910-14
191s-19
1920-24
1925-29
1930-34
1935-36

668

1,338
259
208

1,298
338

114
135
179
220

2,771
1,329
2,496
3,148
2,427
1,350

7.2
2.2
3.5

1.4
2.6
1.5

2.6
0.7
1.6
5.0

1.4
2.7
1.3
2.1
4.6
4.9

1.9
1.9
2.5

0.9
0.4
3.2

let fever might be obtained from reports from
single hospital units. Such data are presented in
Table II. Here variations as great as ten-fold
exist in the attack rates.

RELATIONSHIP OF NEPHRITIS TO SEROLOGICAL

TYPE OF STREPTOCOCCUS

The above review of the reported incidence of
acute glomerulonephritis indicates that epidemics
of the disease have occurred in the past and that
multiple cases have been observed in families whose
medical history indicated no predisposition to the
disease. In addition, the attack rate of nephritis
has been shown to vary following scarlet fever.

The cause for such variations in attack rates
and for the epidemic occurrence of nephritis is not
known. Some authors (71) have suggested that
nutritional factors in the host may account for
variations in the incidence of nephritis. It would
appear more logical, however, to postulate that
differences in the infecting organism were respon-
sible for variations in attack rates following scarlet
fever and for epidemics of the disease. Since it
is known that certain biological properties of
group A streptococci appear to be correlated with
the serological type of group A streptococcus (72),

the literature was reviewed in order to determine
whether or not certain types of streptococci were
associated with acute glomerulonephritis.

Published data concerning the serological type
of organism associated with late complications
of streptococcal infections are difficult to interpret
in most instances. In many studies (60, 73436)
the serological identification of group A strepto-
cocci was performed by the agglutination (87)
technique and in only a few (88-91) was the pre-
cipitin method (92) employed. The former
method of recognition of serological types is sub-
ject to considerable difficulty and cross reactions
are common, whereas the precipitin method is con-
sidered to be more reliable (93). In addition to
the technical variations in the identification of the
streptococci, detailed bacteriological observations
of the complications frequently have been omitted
so that the relationship is not always clear of the
type of streptococcus, isolated during the illness,
to the attack of nephritis.

Among the studies (60, 73486) employing the
agglutination technique for the identification of
the serological type of streptococcus, the report of
Ehinger (73) is of special interest. In this study
the type of streptococcus obtained from patients
with scarlet fever admitted to the hospital was
correlated with various complications. In a group
of 26 patients from whomtype 31 streptococci were
isolated, six or 23 per cent developed acute ne-
phritis. Other types, including 1-7 and 11-13,
were also isolated from patients with scarlet fever
and only a few subsequently developed nephritis.
In a group of 2,118 patients with scarlet fever,
Kelsey and Scholes (74) observed 37 patients
with nephritis. Type 2 streptococci were iso-
lated from throat cultures taken either at the onset
of scarlet fever or during the acute attack of ne-
phritis. Type 2 was responsible for 65 per cent of
the cases of scarlet fever in this study. Other
authors (76, 79-81, 83) have isolated type 2 strep-
tococci during the illness preceding the onset of
nephritis. In 1912 there were three large epi-
demics of septic sore throat in Boston, Baltimore
and Chicago which were said to be followed by at-
tacks of acute nephritis (94). It is of interest that
a strain from the Boston and Chicago outbreak was
classified recently as type 13 (85). No nephritis
was observed following a large number of infec-
tions due to types 17 (74, 77) and 15 (75). Type
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3 was rarely associated with nephritis (60, 73, 76,
78, 81,82).

Results of studies using the precpitin method for
type identification show that 317 type 17 infec-
tions (89, 90) and 100 type 5 infections (91 ) were
not followed by nephritis. McMillan (88) ob-
served 7,800 patients with scarlet fever from whom
types 17, 3, and 19 were commonly isolated and
only 2 patients developed nephritis. The author
does not state which type was associated with the
nephritis.

Recently 2,366 young adult males with exudative
tonsillitis or pharyngitis caused by group A strep-
tococci have been followed for at least three weeks
after the onset of the acute infection. Other than
codeine for pain, these patients received no specific
therapy. There was only 1 patient, infected with
type 12 streptococci, who developed nephritis, an
attack rate of .04 per cent (Table III).

The above observations again emphasize the
variation in the attack rate of nephritis following
streptococcal infections, and, in addition, suggest
that some strains (types) may be more nephrito-
genic than other strains. Since the occurrence of
nephritogenic strains of streptococci would ex-
plain the variations in the incidence of nephritis, a

TABLE III

Occurrence of nephritis in a group of 2,366 Group A
streptococcal infcdions *

Cases

212
196

12
5

395
96
62

1,103
43

1
1
2

213

Type

NTt
1
3
4
S
6

12
14
18
19
22
23
24
25
28
30
33
39
40
41
42
43
44

Nephritis

0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

study of the organism associated with initial at-
tacks of this complication was undertaken.

Cultures of the tonsils and oropharynx were ob-
tained from individuals with acute nephritis en-
tering hospitals in Cleveland and other areas. In
addition, cultures were obtained in many instances
from members of the household living in intimate
contact with the patient with nephritis. Organ-
isms showing beta-hemolysis after incubation on
blood agar plates were grouped and typed after
the methods of Maxted (95) and Swift, Wilson
and Lancefield .(92).

A summary of the results obtained thus far
is presented in Table IV.4 Nephritis occurred
within a period of five days in a sister and brother
in Pittsburgh (Cases 1A and 2A). A group A,
type 12 streptococcus was isolated from the ear
of patient 1A; a culture was not available from pa-
tient 2A. Case 3 was the only instance of acute
nephritis observed among 2,366 untreated strepto-
coccal infections studied at Warren Air Force
Base, Wyoming (Table III). Type 12 strepto-
cocci were isolated from this patient's throat on
five different occasions. On September 19, 1950,
patient SB entered the hospital because of red
urine and swelling of the face. The patient had
a skin infection from which a beta-hemolytic strep-
tococcus was isolated, but the strain was dis-
carded before typing could be accomplished. Five
days later, on September 24, the father of this child
was admitted with acute nephritis and a group A,
type 12 streptococcus was isolated from the cul-
ture of the oropharynx. The same organism was
also isolated from other members of the household,
but the urine from these individuals was normal
on one examination.

Patient 7 is of special interest since she and
other members of the family had been under con-
tinuous observation since 1948 (98). Throughout
this period weekly throat cultures had failed to
show type 12 streptococci and semi-annual urine
examinations were normal. In November, 1950,
all individuals in the family acquired type 12 strep-
tococci. Patient 7 developed classical acute glo-
merulonephritis. The remaining members of the
family were immediately given small amounts of
penicillin. The urines of each of the four other
members of the family showed abnormal numbers

4 A preliminary report of this study has appeared else-
where (96).

P * The authors are indebted to the members of the Strep-
tococcal Disease Laboratory, Warren Air Force Base,
Wyoming, for supplying these data.

Not ble with the available antisera.
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TABLE IV

Scroogical type of streptococcus isolated from patients in an initial attack of acute nephritis over a four year period

Urine Physical examination Type
Date group A

month/ Hema- Albumi- Blood strepto-
Case year Location Age turina nuria presure Edema coccus Remarks

IA 3/49
2A 3/49
3 5/S0
4B 9/S0
SB 9/S0
6 10/S0
7 11/50

Pittsburgh, Pa.
Pittsburgh, Pa.
Cheyenne, Wyo.
Cleveland, 0.
Cleveland, 0.
Cleveland, 0.
Cleveland, 0.

12 7/S1 Cleveland, 0
8 2/51 Cleveland, 0.

13 2/51 Rochester, N. Y.
9 3/51 Cleveland, 0.

10 4/S1 Panama City, Fla.
11 4/S1 Cleveland, 0.
18 8/51 Cleveland, 0.
19 1/51 Hawaii

20 1/51 Hawaii
14 12/51 Cleveland, 0.

21 3/52 Syracuse, N. Y.
22 3/52 Syracuse, N. Y.
23 3/52 Syracuse, N. Y.

24 4/52 Syracuse, N. Y.
25 4/52 Syracuse, N. Y.
15 4/52 Cleveland, 0.
16 4/52 Cleveland, 0.

17 4/52 Cleveland, 0.

26 4/52 Cleveland, 0.
27 5/52 Bainbridge, Md.

28 5/52 Cleveland, 0.

29 6/52 Syracuse, N. Y.

30 7/52 Cleveland, 0.
31 9/52 Cleveland, 0.
32C 9/52 Cheyenne, Wyo.
33C 9/52 Cheyenne, Wyo.

6 ++++
8 ++++

19 ++++
32 ++++
11 ++
35 ++

4 ++

15
15

Adult
46

+++

+++
++

++++ ++++'
++ ++

++++ +++

++++ +++

8 +
5 ++++
4 ++++

11 ++

84/56
114/76
220/160
190/120
170/125
140/100
132/56

175/115
132/82
180/110
175/102

+ 154/100
++ 118/85
++ 105/68
+ 200/140

++
+

++
0

++

++
+

++

++

++

12

12
12

12
12

12
4

12
12

4
12
4

18

5 + + 160/124 + 18
27 ++ +++ 140/108 + 12

15 +*
2 +*

35 +*

7 +*
10 +*

+*
+*

+*
+*

+~

12
12

12
12

Brother of patient 1A.

Son of patient 4B.

Mother 32, father 33,
sister 6, and brother 2.
All acquired type 12,
and developed mild
hematuria.

Has one child with his-
tory of puffy eyes at
same time.

Cases 19 and 20 occurred
as part of epidemic in
Hawaii.

Cultures of wife, three
children, and play-
mate all showed type
12. single urine speci-
mens negative.

Type 12 isolated from
son.

2 +++ ++++ 90/60 0 - Type 12 from brother.
15 ++++ +++ 160/90 + Type 12 isolated from

mother and sister.
11 ++++ ++++ 144/90 - 12 Type 12 is also isolated

from mother.
37 + ++ 150/100 + - Type 4 from son.
20 ++++ ++++ 160/114 ++ 12 One example of a large

epidemic of acute ne-
phritisamongmilitary
personnel caused by
type 12 (97).

3 ++++ ++++ 140/? + Type 12 from brother,
a nontypeable strain
from another brother.

5 +* +* +* +* 25 Had several attacks of
sore throat before on-
set of nephritis.

4 ++
14 ++++

S +++
3 ++++

++++

152/100
140/100
160/100
130/90

0+

+

12
12

12
Brother of patient 33C.

350

* Considered present and abnormal, degree not known.
The authors are grateful to many physicians who assisted in collecting these data. The data and specimens on

the following cases were collected by Drs. T. S. Danowski (Cases 1A, 2A), L. P. Longley (Case 6), R. F. Jacox (Case 13),
C. R. Benton (Case 10), D. Cho Choy (Cases 19, 20), H. A. Feldman (Cases 21-25, 29), M. Klaus (Cases 15, 17, 28),
and S. R. Inkley (Case 26).
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of red cells, but none developed symptoms of
nephritis.

During February, 1951, a strain of group A, type
12 streptococci was isolated from a patient in
Rochester, NewYork (Case 13) by Dr. Ralph F.
Jacox. The first non-type 12 strain was isolated
from a throat culture of a girl, age 15 (Case 8).
In this instance the strain was identified as type 4.
Another type 4 organism was isolated from a small
child in Panama City, Florida (Case 10). In Case
18, a type 4 streptococcus was isolated several
months after the onset of an acute attack of ne-
phritis. Whether this organism was related to the
initial attack is unknown. The patient was dis-
charged from the hospital one month previously
for convalescence from an attack of acute nephritis.
Two weeks before the present admission the child
developed a cough and enlarged cervical lymph
nodes. At the time of admission the mother ob-
served red urine. Cultures on admission showed
type 4 streptococci.5

Case 9 is interesting because there may have
been another instance of nephritis in the same fam-
ily. This patient is a father of five children. One
child had a respiratory infection at the same time
as the father, and about two days before the father
developed periorbital edema, the child had swelling
of the face and of the tissues around the eyes. This
child was not available for examination, but it
seems probable that he also had nephritis. Pa-
tients 32C and 33C are a brother and sister who
developed acute nephritis within one week of each
other. Although streptococci were not isolated
from 32C, type 12 streptococci were obtained in
large numbers from the nose and throat of pa-
tient 33C.

During January and February, 1951, 43 patients
with acute nephritis were admitted to two hospitals
in Hawaii, whereas during the same period in 1949
and 1950 only 9 and 5 patients, respectively, were
so diagnosed. Cultures from 2 patients (Case 19
and 20) obtained during the epidemic period in
1951 showed type 18 streptococci. Patient 14
showed type 12 streptococci on culture, as did the

5 One other type 4 streptococcus was received from Dr.
Albert Dorfman, Chicago, from a collection of strains of
Dr. Horace Gezon. This strain was from a member of
the family where multiple cases of acute nephritis oc-
curred (22). Since details of the strain are lacking, this
patient is not included in Table IV.

wife, three children and a playmate of the children.
A single urine specimen from these carriers of
type 12 streptococci failed to show albumin or red
cells. Patient 27 represents only one patient of an
epidemic of type 12 infections that resulted in over
100 cases of nephritis (97). There were 5 pa-
tients in Syracuse from whomtype 12 streptococci
were isolated and 1 patient (Case 29) who har-
bored type 25.

The data presented in Table IV show that dur-
ing the past four years type 12, and occasionally
types 4 and 25 streptococci have been associated
with attacks of acute nephritis in this country. In
addition, type 18 streptococci were isolated from
2 patients with nephritis from an outbreak occur-
ring in Hawaii. The facts that in several instances
multiple cases have occurred in a single family
unit, and that in one family (Case 7) all individu-
als developed hematuria following infection, sug-
gest that type 12 was especially nephritogenic.

If a relation exists between acute nephritis and
specific strains or types of streptococci, then such
streptococci should be present in areas where ne-
phritis occurs and absent in areas where there is
no nephritis. In Cleveland, where most of the
sporadic cases of nephritis were studied, the re-
sults of weekly cultures were available over a
three year period through 1951 from a population
of 260 people. This population was widely scat-
tered throughout the eastern suburbs of Cleveland
and included all members of approximately 60
families (98). During this three year period type
12 streptococci accounted for 17 per cent of the
acquisitions of group A streptococci. There was a
total of 66 type 12 acquisitions. Five of these ac-
quisitions were followed by urinary complications:
one individual developed symptoms of nephritis,
and four others in the same family developed he-
maturia. The data from this sample of the popu-
lation indicate that 83 per cent of all streptococcal
infections in this area were due to types other
than 12, and yet nephritis was associated with
the type 12 infections. In Syracuse, Feldman (99)
reported that type 12 infections were common in
1952 and at least 30 cases of nephritis were ob-
served in the local hospitals during that winter-
a most unusual record for the community.

In contrast to the relatively frequent occurrence
of nephritis in Cleveland and Syracuse is the ab-
sence of this complication among military popula-
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tions infected with group A streptococci. In a
group of 2,304 infections caused by types other
than 12, there were no cases of nephritis. In a
group of 62 type 12 infections in the same popula-
tion, one patient developed nephritis.

The final evidence required to establish the hy-
pothesis presented here would be to demonstrate
that infection with one of these nephritogenic
strains results in a higher attack rate of nephri-
tis than when infection is caused by another type.
To date, only two epidemics of nephritis have been
reported in which serological typing was attempted.
Kempe, Olmsted and Curnen (100) observed four
boys who developed acute glomerulonephritis at
about the same time. These patients were among
a group of 34 boys in the second form of a boys'
school. The total number of boys found to have
hematuria in this group was 12, or 35 per cent.
Among the group of 34, four were found to har-
bor beta-hemolytic streptococci; group A, type 12
streptococcus was isolated from two individuals,
the other two strains were not grouped or typed.
The only other typeable strain isolated from boys
in other forms in the school was type 12. These
data would tend to implicate type 12 as the cause
of the epidemic of nephritis, and furthermore would
indicate that the attack rate of nephritis was high.

A recent report from Australia (101) indicates
that type 12 streptococci may be responsible for
an outbreak of nephritis in that country. Eight
cases of classical acute nephritis and 30 to 40 pa-
tients with edema and albuminuria were observed
in a town of 8,000 people located northwest of
Melbourne. A survey of the bacterial flora of the
throat showed that of 35 typeable group A strepto-
cocci isolated, 16 were type 12, 10 type 22, and 9
belonged to other types.

Since the institution of the present study three
other epidemics of nephritis have been reported
to the authors. Langmuir, Richardson, and Perry
(102) observed 4 cases of acute glomerulonephritis
among 311 pupils in a rural school in Harford
County, Maryland. These cases occurred between
March 2 and 25, 1949. Throat cultures were ob-
tained and of 46 group A strains, 34 or 74 per
cent were type 12. In one of the families of a pa-
tient with nephritis, type 12 was isolated from the
throat culture of a sibling. Denny and Thomas
(103) studied an outbreak of 2 cases of acute ne-
phritis which occurred in a grade school in Min-

nesota. In this school there were approximately
300 students; cultures of the throat were obtained
from 56. There were seven group A strains and
one group C strain isolated. The group A strepto-
cocci included three type 12 strains, one type 6,
and three strains which were not typeable with the
available sera. Streptococci were not isolated
from the two patients with nephritis, both of whom
had received penicillin.

An epidemic of acute nephritis involving 5 and
possibly 6 of 10 siblings in Rochester was studied
in 1947 by Martin (24). Although beta-hemolytic
streptococci were isolated from four of the patients
with nephritis, they were not classified serologi-
cally. However, a type 12 streptococcus was iso-
lated from a culture obtained from an older sibling.

These five outbreaks of acute glomerulonephritis
occurring in widely separated areas (Connecticut,
Maryland, Minnesota, NewYork, and Australia)
were apparently associated with type 12 infections.
It is impossible, however, to establish an attack
rate - from these data. More recently, there has
been a large outbreak of over 100 cases of nephritis
in a military population (97). In this outbreak it
was possible to study all streptococcal infections
and the results to be reported elsewhere (97) will
establish that certain strains of type 12 strepto-
cocci are indeed associated with a high attack rate
of nephritis.

DISCUSSION

The existence of either a rheumatogenic (104)
or a nephritogenic (96, 105) strain of streptococci
has been postulated. Although there is some evi-
dence that one strain of group A streptococci
lacked rheumatogenic capacities (106) whereas in-
fection with another resulted in a high attack rate
of rheumatic fever (104), most of the data indicate
that various typeable strains of group A strepto-
cocci do not vary in their ability to produce rheu-
matic fever (107). In general, approximately 3
per cent of streptococcal infections are followed
by an attack of rheumatic fever (107).

The incidence of rheumatic fever in various
population groups should reflect the number of
streptococcal infections occurring in that popu-
lation, since the attack rate of rheumatic fever is
relatively constant following such infections. The
attack rate of rheumatic fever following strepto-
coccal infections is not altered appreciably by such
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factors as climate, geographical area, and age
(107). Several studies (108, 109) have shown
that rheumatic and scarlet fever, each a manifesta-
tion of a group A streptococcal infection, are more
common in the northern than in the southern lati-
tudes of North America. Acute nephritis, how-
ever, appears to be as common in the south as in
the northern states of this country (108). Al-
though the effect of climate on the individual in-
fected with group A streptococci may account for
altered susceptibility to nephritis as compared to
rheumatic fever, it would appear more likely that
the strains of streptococci responsible for the ill-
ness preceding these two complications varied in
their ability to produce nephritis. Thus, the data
of Seegal, Seegal and Jost (108) show that in the
hospitals studied, the number of admissions for
acute nephritis had little relationship to the number
of rheumatic admissions. For example, at the
Vancouver General Hospital in 1917 there were
145 cases of rheumatic fever and 29 cases of acute
nephritis; the following year there were only 23
cases of rheumatic fever and 26 cases of nephritis.
Here in a single geographical area there appeared
to be little relationship between the number of cases
of nephritis and rheumatic fever.

The impression that the incidence of acute
nephritis following scarlet fever has decreased in
the past several decades is partially confirmed by
the data presented. More impressive than the de-
cline in the attack rate of this complication are the
remarkable variations in the incidence of nephritis
recorded during the period surveyed. Although
some of this variation is undoubtedly due to cri-
teria of diagnosis and frequency of observations, it
is believed that many of the differences are sig-
nificant. In the present study of 2,366 patients
with exudative tonsillitis and pharyngitis from
whom group A streptococci were isolated, there
was only one patient who developed symptoms of
nephritis. All these patients were examined at
least three weeks after the onset of the streptococ-
cal infection for which they received no specific
form of therapy. In contrast to these results is the
attack rate of 18 per cent observed by Wahrer (1),
a 450-fold difference I This extreme variability in
the attack rates of acute nephritis following known
streptococcal infections suggests that nephritogenic
strains of streptococci may exist.

The epidemic occurrence of nephritis in various

populations, especially within the family unit, could
be explained by infection with nephritogenic or-
ganisms. It has been suggested that the occurrence
of multiple cases within the family unit may be due
to some factor, genetic or otherwise, that pre-
disposes the members to this disease (13). If
such is the case, these factors have not been de-
fined. Since it is known that respiratory infections
spread readily when introduced into a family unit
(98), it would seem reasonable to expect multiple
cases of nephritis relatively frequently if strains of
streptococci with marked nephritogenic capacities
were introduced into such a population. In the
present study a number of such family epidemics
was observed, and it is likely that additional in-
stances of nephritis would have been recorded if
each family had been studied carefully.

The sudden appearance of nephritis in large
population groups has been thought to be due to
poor nutrition (71). It is exceedingly difficult to
believe that inadequate nutrition was responsible
for the outbreaks of nephritis which occurred in
private and public schools and among military per-
sonnel reviewed in this report. Likewise, it is
doubtful that nutrition played a role in the large
epidemic of nephritis which was observed during
World War I.

It is commonly believed that the form of the
clinical disease produced by group A streptococci
is not a function of the serological type. Although
this is generally true, it has been demonstrated that
during short periods of time, when there are sev-
eral serological types producing disease in a given
population, one type may result in a higher attack
rate of scarlet fever than another type (110).
Furthermore, it is known that certain biological
characteristics of streptococci can be correlated
roughly with the serological type (72, 86). Thus,
it appears possible that the complication, nephritis,
might be associated with strains belonging to cer-
tain serological types.

A review of the literature failed to show that
nephritis was caused by only one or a few serologi-
cal types, although Ehinger (73) reported that
type 31 appeared to be responsible for 6 cases of
nephritis out of 26 infected with this organism.
In most of these studies typing was performed by
the agglutination or Griffith technique (87) which
experience has shown not to be as reliable as the
precipitin method (92). Furthermore, many of
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these bacteriological studies were performed in
contagious disease hospitals where cross infections
are not uncommon, so that complications such as
nephritis may not have been due to the type iso-
lated during the acute phase of the streptococcal
infection. The fact that 1,103 type 14 infections
were observed without a single instance of nephri-
tis indicates, at least, that this type during the
period of observation was not associated with
nephritis.

At the time the present study was instituted only
a limited population which could be followed from
the onset of the acute streptococcal infection to
the onset of nephritis was available. As a result,
patients with nephritis entering the hospital were
also used as a source of bacteriological material.
In these hospitalized patients cultures were obtained
soon after admission so that cross infections with
new types were unlikely. Furthermore, cultures
obtained from parents and siblings in the home
frequently showed streptococci of a similar type to
the one isolated from the patient with nephritis.

In the present study it is apparent that type 12
streptococci appeared to be related to nephritis in
the majority of patients (84 per cent) even though
the patients were studied over a four year period
in various sections of this country. In addition to
these observations Wright (111) reports the iso-
lation of type 12 streptococci from 3 patients with
acute nephritis in the Chicago area. Wertheim
and his coworkers (112) have made the interesting
observation that of 39 typeable group A cultures
isolated from patients with acute nephritis during
1936 to 1942 in NewYork City, 20 or 51 per cent,
were type 12. Rantz ( 113) recently reported the
Griffith types of streptococci isolated from 84
patients with otitis media studied between 1939
and 1943 in the San Francisco area. Type 12
streptococci were isolated from the exudate ob-
tained from the middle ear in 14 patients and two
of these individuals subsequently developed acute
hemorrhagic Bright's disease. A third patient
with otitis media developed nephritis, but the or-
ganism was not identified serologically. One pa-
tient who had otitis media due to type 1 strepto-
cocci was found to have latent nephritis a year
later.

Although these observations establish that in-
fections with type 12 and type 4 streptococci may
result in an attack of acute nephritis, they do not

indicate the magnitude of the attack rate. The
data presented by Kempe, Olmsted and Curnen
(100) would indicate that the streptococcus (pre-
sumably type 12) that caused the epidemic in
Connecticut was indeed markedly nephritogenic.
In contrast, the 62 type 12 infections in Wyoming
were not associated with a high attack rate. Stud-
ies to be reported elsewhere (97) will show that
in a large epidemic of nephritis occurring in the
spring of 1952, the infecting strain, type 12, was
associated with a high incidence of complications.
These data would indicate that there may be strain-
differences within organisms belonging to type
12.6

These data are of some importance from both
a practical and theoretical viewpoint. Because of
the existence of nephritogenic strains, the family
and other population units from which a patient
with nephritis comes should be observed for evi-
dence of other apparent and inapparent cases of
the disease. In order to prevent spread of the dis-
ease, an attempt should be made to eradicate the
organism from all carriers in such populations.
It is possible that individuals who have been in-
fected with a nephritogenic strain are subsequently
immune to that serological type, since there is
evidence that immunity to streptococcal infections
in man is type-specific (115). Thus the chances
of developing a second attack of acute nephritis
should be exceedingly small since the number of
types responsible for this complication is few.

By the experimental use of streptococci de-
rived from patients with acute nephritis, and es-
pecially organisms isolated from cases during epi-
demics, the pathogenesis of glomerulonephritis
may be elucidated. Thus far attempts to repro-
duce the disease in monkeys and rabbits have
failed (116).

CONCLUSIONS

A review of the literature has demonstrated that
the attack rate of acute glomerulonephritis follow-
ing streptococcal infections varies from year to
year. Furthermore, epidemics of nephritis have
been observed in family units and other popula-
tion groups. The cause for the variations in the

OIt is known (114) that type 12 streptococci as deter-
mined by the precipitin technique include two serologically
distinct types (types 10 and 12) when tested by the
Griffith technique.
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attack rates of acute nephritis following strepto-
coccal infections appears to be due to varying

nephritogenic capacities of the infecting organism.

In a group of 31 patients with acute nephritis
observed during a four year period in various cities
in this country, type 12 streptococci were associ-
ated with 26 attacks. Streptococci of types 4 and
25 were related to four and one attacks of nephri-
tis, respectively. Type 18 streptococci were iso-
lated from 2 patients with nephritis observed dur-
ing an outbreak of this disease in Hawaii.

The data presented demonstrate that infection
with type 12 and perhaps type 4 streptococci is
especially likely to be followed by an attack of
acute glomerulonephritis. Some evidence was

obtained which indicated that strains of type 12
may vary in their nephritogenic capacity.
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