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A number of epidemiological studies on rheumatic fever have been
made, but in this disease, this field of endeavor is in its infancy as
compared with other lines of approach. It has seemed to us, however,
that here is another valuable weapon which may be brought to bear,
not only because we would like to know more about the epidemiology
of rheumatic fever, but it may tell us more about the nature of this
obscure disease.
Knowledge concerning the actual distribution and spread of human

disease, that is, its epidemiology is obtained in two ways: by direct
observation, and by statistical methods, the latter being wholly
dependent upon the former. There has been no dearth of direct
observations of one sort or another in rheumatic fever, but in spite of
them, actual facts which lend themselves to statistical analyses along
epidemiological lines are few. The difficulties seem to lie primarily
in the nonspecific character of many of the clinical aspects of this
disease. Some of its forms seem to be recognized with reasonable
accuracy, but unfortunately no specific test has yet been devised to
tell us when an individual actually has rheumatic fever, and we are
thus unable to determine its true incidence or distribution.
With these limitations in mind we have made an attempt to study

the spread of rheumatic fever through families, as an epidemiological
problem. We have chosen the family as a unit for study, (a) because
it represents a small group in which an intimate investigation may be
carried out; and (b), because one of the striking things about rheu-
matic fever is its high familial incidence, of which there is ample
evidence (1) (2) (3). Cohn (4) has assembled figures obtained by
different observers on this point and calls attention to the fact that
in so-called rheumatic families, 8-10 per cent of exposed persons are
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infected, as against 2.9 per cent in the families of healthy controls.
Perhaps the most cogent observation with regard to the familial
incidence of rheumatic fever is that of St. Lawrence (2), who found a
close resemblance to the familial incidence of tuberculosis. We do
not know, however, the relative importance of certain factors which
may be responsible for this high familial incidence, such as: (a), an
hereditary predisposition to the disease; (b), common living conditions
which favor its development; or (c), direct contagion as a result of
intimate contact. Such problems are in themselves so complex that
our study of them can only be regarded as a preliminary form of
attack in which we have begun with a single aim: namely to observe
the relationship as regards time of onset, which multiple cases within
a given family bear to one another.

METHODS

The family approach. The idea of considering the family as a unit through
which disease may spread is a concept which has proved of increasing value in the
study of human disease. In the family one finds a concentration of common
hereditary and environmental conditions in a group of individuals who are not
only living in intimate contact with one another, but who are generally quite
conscious of their group life. In the study of tuberculosis this approach has proved
to be one of great value as emphasi*ed by the work of Opie and his collaborators
(5), and it is to this work that we are particularly indebted for our methods and
concept of the subject.

Selection offamilies. Patients were largely selected from the Children's Cardiac
Clinic of the New Haven Dispensary and from the Cardiac Division of the Chil-
dren's Community Center of New Haven.'

In many instances individual children, generally accompanied by one of their
parents, had been attending the Dispensary Clinic over a period of years and were
consequently familiar with Hospital supervisory methods, making them a rather
favorable group for the initiation of the study. Children rather than adults were
primarily chosen for this work, because rheumatic fever generally makes its first
appearance during childhood, and because a family of children has proved to be
an easier group to handle for our purpose, than a family composed largely of
adolescents and adults. These, however, were factors of choice, rather than of
necessity and were not really of vital importance to our study.

1 The clinic, which has been in operation since 1924, lists about 200 patients on
its roll, 90 per cent of whom are suffering from rheumatic heart disease. The
Cardiac Division of the Children's Community Center (established in 1926) is now
under the active supervision of one of us (R. S.). About half of its patients have
been drawn from the Heart Clinic of the New Haven Dispensary.
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A series of families were selected during the fall of 1928 in whom it was known
that two or more members had at some time suffered from at least one of the
manifestations of rheumatic fever. Selection was made on this basis because one
of the main objects of the study was to observe the relationship which existed
between attacks in two members of a family group. The material was further
restricted to those families in which all the members had previously been under
medical supervision, through the medium of the New Haven Hospital and Dis-
pensary, for a reasonable period of years. Some of these records covered a period
of twenty years. Particularly valuable in this respect were those families which
had utilized the Dispensary as their "family doctor," so to speak, and had attended
regularly for all trivial illnesses, as well as those of a more serious nature. As this
Dispensary is the only general Dispensary at present in existence in New Haven,
we were fortunate in having uniform and centralized records on this group of
patients. Occasionally it was necessary to draw upon the records of other Hospi-
tals2 in order to fill in certain gaps.

Method of family study. When all available records of past illnesses in one of
the selected families had been secured, an appointment was made through the
agency of a social service worker for a visit to the home of the family, with an
explanation of the purpose of the visit and with special emphasis on the fact that
the entire family group should be at home at the appointed hour. If any member
of the family happened to be under the care of a practicing physician, the physician
was either seen personally, or called on the telephone by one of us, in order to
explain our reasons for questioning or examining his patient. Subsequently a
copy of our findings on this and other members of the family was sent to the
physician, if he so desired. A visit was then made by one of us to the home. The
living quarters were inspected and investigated. Each member of the family
who had not been seen in the Dispensary within a few weeks' time was submitted
to a physical examination and adults were questioned with a view to the filling
in of gaps in our records of their personal, social and past histories. Careful and
exacting inquiries were made with regard to changes in the family environment,
such as the sites of previous living quarters, and the dates on which the family had
moved. Other members of the household who had become established as members
of the family group, whether relatives or otherwise, were included in the studies.
Subsequent to the initial visit the home was visited by one of us at intervals of two
months, or more frequently if illness appeared in any member of the family group.

It will be seen that the attempt has been made to carry on the study in an inti-
mate and personal manner, as we were anxious to establish dose contact with the
conditions under which the disease naturally develops, rather than to study pa-
tients who were isolated from their enviroument. Social workers3 have been

2 We are particularly indebted to Mr. C. H. Dabbs, Superintendent of Grace
Hospital, New Haven, for the privilege of examining some of the medical records
of that institution.

3 We are particularly indebted to Miss H. F. Alling for her assistance in this
aspect of the work.
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utilized for the arrangement of appointments and for the gathering of non-medical
data, but all visits made for purposes of ascertaining data on the health of the
family, were made by one of us. This mass of detaijed work has necessarily
required the restriction of the families under supervision to a relatively small
number, which to date numbers fifteen.

Charting results. In order to give a graphic representation of the life history of
these families and of the incidents with which we have been concerned, a diagram-
matic chart was designed for each family. The method of charting is shown in
figure 1. This figure requires,a certain amount of explanation not shown on the
diagram. On the right of the figure, the age of the family group, starting at the
bottom with the birth of the parents, has been marked in decennial, biennial and
annual periods, extending up to the point in time to which the study has been
carried. The life span of each individual in the family is designated by the vertical
columns inclosing space for the chronological tabulation of illnesses. Changes in
family environment, as noted by change in address, are designated by horizontal
lines; the removal of one individual from the family environment by enclosing the
space about the life column.
On the left are the legends for tabulating illnesses. These are recorded as

follows: the right side of the column is for the entry of the legends representing
symptoms, signs, etc., which nay or may not be related to rheumatic fever; the
left side is for definite evidences of activity of rheumatic fever, shown as black
blocks, varying in size according to our estimation of the degree and duration of
the period of activity. The center of the life space is for the entry of rheumatic
cardiac lesions, which we have come to recognize as one of the most important
evidences of rheumatic fever now at our disposal. The first appearance of carditis
has been designated in the form of a small Greek cross, and continued evidences of
such a lesion, by a vertical line projecting from its top. The number of times
which each individual has been seen by a physician at home, in the Dispensary, or
in a Hospital, is shown by the black dots and rectangular figures aligned on the
left of the life column. It is to be emphasized that these legends, marking the
times which the patient has been under medical observation, do not always mean
that a complete or even an adequate physical examination was performed at each
visit. As a whole the dots represent the type of examination which is apt to be
performed upon patients attending the various clinics of a Dispensary. Visits to
the eye clinic for purposes of refraction, and to the dental clinic for the extraction
of teeth, have not been induded.

36



RA? k

at#;^e~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~aAM%.//R-W@e

a.g as 0 XA' s I1 C0. e.pd|ir5>.. .. ..A.............2eA

XX /.bAs.

Aral'am"feb. enew7 fFin.

Arl;*4XkLls

de /wry

A4.p,...v- ~ X4 4

EvW.te..of ~ ~ ~ W.r.,/V.
2 A l

IYN.~~~~~~~~~~~~.

FIG. 1. EXPLANATION OF CHART FOR RECORDING FANaY DATA

37



SPREAD OF RHEUMATIC FEVER

RESULTS

To date fifteen families have been subjected to the type of study
outlined above, of which five examples are shown. In some, data
have been reasonably complete, in others there are large gaps. A
glance at the charts showing the number of times different members of
the family have been under medical observation will give some idea
of the degree of completeness with which the data have been gathered.
A repetition of the story of the illnesses experienced by each family

will not be attempted for it can be ascertained from the chart. How-
ever, a few explanatory statements will be made to supplement the
data on each chart.

In figure 2 (family 2-Mn.) are recorded the data from a family with four
children. Unfortunately intimate knowledge of the history of both parents is
lacking. The father, gave a clear cut history of having had what he was told was
rheumatic fever when 10 years of age. At that time he was confined to bed with
fever and joint pains for a period of months and was told that his heart was af-
fected. During the subsequent twenty years he experienced no untoward symp-
toms and in recent years had been able to pursue the occupation of truck driver
until October 1928, when he began to suffer from a sore throat lasting over a
period of two months, accompanied by bouts of fever. When first examined in
January 1929, he was still suffering from his throat infection and also showed an
over-active heart and evidences of mitral stenosis. Subsequently he improved
and has been without symptoms for more than a year. Coincident, or a few weeks
previous, to the father's illness the oldest child began to suffer from joint pains,
loss of weight, bronchitis, and on two examinations a systolic murmur was detect-
able, which was not present in subsequent examinations. In December 1929,
also coincident with his father's and sister's illness, the younger brother (William)
developed outspoken evidences of rheumatic infection with carditis which per-
sisted for a year. He was removed from the family environment and has been
subsequently kept at the Children's Community Center.
We have, therefore, three more or less synchronous attacks of illness in this

family, two of which represent probable periods of activity of rheumatic fever and
one of which (William) represents a definite period of rheumatic activity. In the
father the illness was a recurrence; in the two children the illness probably repre-
sented the first manife.tations of rheumatic fever.
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Figure 3 (family 4-Ds). Both of the parents were Jewish and had apparently
lived at the same address since the birth of the first child. They were poverty
stricken and lived practically in one room during this entire time. In 1925,
Jacob, the fourth child, developed rheumatic fever and was admitted twice to the
New Haven Hospital. Evidences of severe carditis did not appear until six
months after his initial attack, but were severe enough to require his removal to a
Cardiac Home. Interestingly enough at about this time a mitral lesion was
picked up in the mother, although repeated previous examinations during her
visits to the Dispensary for prenatal and other types of care, had failed to reveal
this finding. No other members of the family showed evidences of rheumatic
fever during the two years subsequent to its first appearance. However, in the
fall of 1928 the mother entered the hospital with a flare-up of her infection, suffer-
ing from severe carditis and cardiac failure. At the time of her admission she had
been suckling Abie, the eighth child-aged one year. He was also brought to the
hospital with the mother, and found to be suffering from fever and a skin rash,
originally thought to be measles. His illness was brief and no satisfactory diag-
nosis was reached. During the next year and a half, he was again admitted to the
hospital; his next older brother, who slept at home in the same bed with him, was
also admitted to the hospital three times during,this period, suffering from bron-
chitis and skin rashes of unexplained origin. Transient evidences of a suspicious
cardiac lesion were picked up in both of these children in the course of the hospital
studies.
We have in this family, observations on (a) an attack of rheumatic fever in one

child (Jacob), associated with the appearance of signs of rheumatic carditis in the
mother; and later (b) the development of illness in two infants, one of which
occurred synchronously with an attack of recurrent rheumatic fever in the mother.
Whether the symptoms in these-infants actually were those of rheumatic fever is
questionable, but the balance of evidence would indicate that such was the case.
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Figure 4 (family 12-Me). Both father and mother were French Canadians
and in 1917, seven years after their marriage, had moved to New Haven from
Chicopee, Mass. In 1921 the father, who was in the insurance business, died
suddenly from what was thought to be Angina Pectoris. The family was left in
rather straightened circumstances and became Dispensary patients about this
time. As medical assistance had been previously rendered by private physicians
we have no first hand records of the children's previous illnesses or examinations.
In 1922, the three oldest children suddenly began to suffer from active manifesta-
tions of rheumatic fever, all within a period of six weeks. The fourth and youngest
child also showed mild evidences of ill health, manifest by joint pains and loss of
weight. The subsequent history of this family is relatively clearly shown upon the
chart. The oldest boy enlisted in the United States Navy but was discharged
unfit, after spending a large part of his time in the Hospital. The youngest girl
has shown persistent evidences of malnutrition to date with occasional transient
joint pains. It seems probable that she has been suffering from low grade rheu-
matic infection although the diagnostic criteria are perhaps not quite adequate.
The simultaneous onset in 1922, of what appear to be four cases in four children,

is striking.
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Figure 5 (Family 6-De Gn). Both father and mother were Italian. During
their early married life they had shifted from one city address to another but had
finally moved to the fifth address, a house on the outskirts of the city, because
they thought their lodgings in town were unhealthy. It was at the town lodging
(address no. 4) in 1922 that the first manifestation of rheumatic fever had appeared,
in the form of a brief attack of chorea in the second child, and in the development
of an early cardiac lesion in the third child. The three youngest children also
suffered from what seemed to be minor illnesses at this time (1922); such as tonsil-
litis, bronchitis, and otitis media. Subsequently only one child has developed
severe carditis but the three youngest children have developed suspicious cardiac
lesions, one of them in an attack of recognizable rheumatic fever. It is also
interesting that during the period when the children were showing evidences of
low grade rheumatic fever the mother was being treated at the Dispensary for
infectious arthritis.

It would seem, therefore, that in 1922 an epidemic of illness had swept through
this family, which took the form of rheumatic fever in two children; in the others
it might be logically described as upper respiratory infection. Subsequently some
of the children in the latter group also seem to have developed rheumatic fever.
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Figure 6 (family 1-By). A Jewish family which had emigrated from London
to New Haven in 1914. In neither parent were there evidences of the disease.
All of the four children have been under fairly close observation for at least 10
years; all had rheumatic fever, and all have cardiac lesions. In three the transient
nature of cardiac signs are well shown.
An interesting feature in this group is that all of the children suffered from a

series of rather severe, upper respiratory infections over a period of 2 to 6 years,
prior to the development of recognizable evidences of rheumatic fever. Further-
more synchronous waves of illness have swept through this family from time to
time in which two or more children have shown simultaneous periods of activity
of their rheumatic infection. Interestingly enough, during one of these periods
the mother was attending the New Haven Dispensary for an illness thought to be
infectious arthritis.

DISCUSSION

Our observations have been made upon only fifteen families and
are subject to many criticisms of which the most obvious is, that the
historical data concerning certain of the individuals under observa-
tion are somewhat sketchy. Furthermore the interpretation of our
findings may only apply to the conditions under which the study has
been made, namely in families in which the incidence of the disease
is high.
Our major aim was to observe the relationship as regards time of

onset, which multiple cases within a given family bore to one another.
The results indicate that the appearance of either primary or recurrent
bouts of rheumatic activity in certain members of these families has
been frequently accompanied by the almost simultaneous (or the
immediately subsequent) appearance of the disease in other members
of the family. This fact does not appear remarkable in view of the
many reports of epidemics of rheumatic fever which have been re-
corded, in houses (6) (7) (8); in barracks (9) (10) (19); in schools (11)
(12); and communities (13).
Another fact which has been observed is, that not only does the

disease frequently make its first appearance almost simultaneously
in several members of a given family, but periods of recurrent activity
seem to sweep through a family in synchronous waves (cf. fig. 6).
This latter observation is also in confirmation of a now fairly well
recognized occurrence in juvenile rheumatic populations, namely, the
epidemic manner in which severe flare-ups of rheumatic activity may
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occur. Boas and Schwartz (14) have described two such "epidemics"
occurring in a ward of convalescent rheumatic children. Hiller and
Graef (15) have also described a similar situation in a camp for chil-
dren with rheumatic cardiac disease. These examples do not represent
true epidemics of rheumatic fever in the sense that new cases suddenly
appeared in a previously uninfected population. Rather they are
examples of simultaneous periods of "reactivation" apparently follow-
ing, after a definite interval, an epidemic of some upper respiratory
infection. Our interest has been to differentiate such occurrences
from the simultaneous appearance of new cases in a previously un-
involved population, although we have occasionally found difficulty
in determining whether some of our cases actually occurred in virgin
soil or not.

Still another interesting finding associated with these family epi-
demics has been the appearance of nonspecific types of illness,
such as (a) bronchitis, bronchopneumonia, skin rashes; and (b) rheu-
matoid arthritis. The first group of conditions have been prone to
appear in children who have not previously had rheumatic fever,
often acting as a "precursor," so to speak of recognizable forms of the
disease. Such phenomena might be explained on the basis of differing
age and immunological expressions of the host to the rheumatic virus,
for there are few diseases in which the age of the patient determines
the clinical manifestations of the disease more than rheumatic fever,
and it is to be recalled that in families such as the ones selected above
we are dealing with groups of individuals of widely differing ages. It
is also to be recalled that the limits of the clinical picture of this disease
have not as yet been determined. Our epidemiological studies there-
fore offer an opportunity to broaden conceptions with regard to the
clinical manifestations of this disease, particularly in what seem to be
first attacks in very young children.
An interpretation of these observations from an etiological point of

view offers certain complexities which do not readily lend themselves
to analysis. However, previous evidence and the evidence furnished
above, support the fact that rheumatic fever is an infectious disease.
We recall, however, that an appreciation of the pathogenesis of this
and other infectious diseases embraces at least three major factors:
(i) the incitant; (ii) a susceptible host; (iii) paths which facilitate the
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bringing together of i and ii. In rheumatic fever we are not sure of
the nature of any of these three factors, although it would seem that
the second factor: the nature of susceptibility, must be of the utmost
import in this disease, and one which has led some investigators to
champion rheumatic fever as a disease in which heredity plays an all
important r6le (16) (17); and others to champion the role of environ-
ment (18). That environmental factors to which a whole family is
exposed must be of some importance is shown by our observations
that flare-ups of recurrent activity of the disease seem to sweep through
a family in synchronous waves. Our findings are in accord with at
least three current theories which have to do with susceptibility in this
disease. (A) That crowding and the presence of any one of a variety
of upper respiratory infections is the important factor in spreading the
unknown virus by droplet infection (19). (B) That rheumatic fever
is essentially an environmental disease (18); in which unknown fac-
tors, perhaps having to do with climatic conditions (20), housing
conditions (21) (22), or nutritional factors (23), pave the way to
development of an infection of unknown etiology. (C) That allergic
phenomena elicited by bacteria, of the streptococcus group, may figure
with great importance among the factors which predispose to the
disease (18) (19). All three theories, together with the view that
heredity4 plays an important predisposing role might fit in with the
limited facts which we have observed, and their further elucidation
must await more extensive observation.

Nevertheless whatever may be the true nature of certain hypotheti-
cal factors, which seem to be of great importance in predisposing to
the disease, our results indicate that, given the conditions under which
the disease seems to flourish, it acts epidemiologically like an infec-
tion, often producing explosive primary or recurrent outbursts of
activity in several individuals, who may show extremely different
types of host response. During these epidemic waves, and in rheu-

4 An analysis of the role of heredity may be more satisfactorily approached when
control studies of this type (which are now in progress) are directed against groups
of unrelated individuals who are living in close proximity to one another. We
have already found two tenement houses in New Haven in which manifestations
of rheumatic fever have appeared, more or less simultaneously, in several children
representing two different families.
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matic families in general, children between the ages of 4 and 12 seem
to be particularly prone to develop the infection. The ages at which
this susceptibility reaches its height and begins to diminish, will be
discussed in a subsequent paper (26).

SUMMARY

1. The spread of rheumatic fever through families strongly suggests
that we are dealing with an infection, in which the important r6le of
environment, and of an hereditary predisposition to the disease, is as
yet undetermined.

2. The sudden appearance of what seem to be both primary and
secondary outbursts of rheumatic activity in certain individuals has
been frequently accompanied by the appearance of recognizable forms
of the disease in other members of the famnily group, and not infre-
quently by the simultaneous appearance of nonspecific types of illness
such as bronchitis, bronchopneumonia, skin rashes, and rheumatoid
arthritis. We have therefore an unusual opportunity to broaden our
conception of the disease by this approach.

3. Not only do several cases seem to be initiated simultaneously,
but periods of recurrent activity of the disease seem to sweep through
a family in synchronous waves, during which time new cases may also
appear.

4. These findings have been discussed in the light of current theories
dealing with the pathogenesis of rheumatic fever.
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