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In the previous commlliunication (Sendrov and
Sclhultz (1936)) evidence was presented inldicat-
iing that patients with active rheumiiatic fever
utilize ascorbic acid in practicallv the same manner
as do controls without active manifestations of
this disease. Apparenit abnormalities in excre-
tion of this vitamiin were attributable to gastro-
intestinal abn-iorm-nalities or to other conditions
arising fromii the diseased state rather than to an
essenitial deficienccv on the part of the tissues to
hanidle this substance. As these patienits were all
sufferin<, fromii rather severe active rheumiiatic ini-
fection at the timiie of testing, it was thought that
the possil)le relationship between rheumiiatic fever
and ascorbic acid deficiency miiight be studied
fromii two other points of view: First, the possible
prophylactic effect of administering knowni quan-
tities of the substance to previously rheumatic
subjects, and(l second, the possible curative effect
of large doses given to patients with the active
disease.

Thc effcct of admiinlisterintg ascor-bic (icid to
amnbldatory suibjects previoisly, 7vithlil rhCet-

mlatic histories
Fifty-six l)atients between the ages of 4 and

19 vears, eaclh of whom had experienced one or
more attacks of rheunmatic fever in previous
years, when they were treated in the wards of
this hospital, were divided into two groups, each
containii(g 28 members. As nearly as possible
these grou)s represented similar conditions with
respect to age, sex, and relative adequacy of their
habitual diet in ascorbic acid content, insofar as
this last itemii could be determined by detailed in-
quiry into the dietary custolmls of each individual.
During the l)eriod of observation the members of
Group A took 100 mgmi. of ascorbic acid daily by
-~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 Presented in preliminary form, at the meeting of the
American Society for Clinical Investigation, Atlantic
City, N. J., May 6, 1935.

mouth, and those of Group B the same amount of
lactose. The ascorbic acid, in the form of
Redoxon, and the placebo were administered in
capsules. The dose of the vitamin was con-
sidered sufficient for protection agaiinst scurvy,
in view of the estimated minimal daily require-
ment of 19 to 27 mgm. for adlults (Gothlin
(1934) ) notwithstanding the fact that the re-
quirement for children is believed to be twice that
for adults (Falk, Gedda and Gothlin (1932-33)).
Each l)atient, or his parents, kept a conitinuous
record of the medication taken; and in many in-
stances the patients were visited in their homes
to insure that members of Group A received the
prescribed doses.

Each patient was examiined at miiontlhlv inter-
vals, and at eaclh visit, in addition to the usual
procedures of clinical examination, the degree of
capillary fragility was determined as a nmeans of
studying the possible incidence of subclinical
scurvy. A suction method was used: negative
pressures of 0 to 320 mim. of mercury were ex-
erted over different circular areas 1 cm. in di-
ameter for periods of one minute. The cu-
taneous areas selected for testing were situated
on the back within a triangular zone bounded
superiorly by a transverse line at the level of the
spine of the seventh cervical vertebra, and later-
ally by the vertebral angles of the scapulae. In
this region there is available one of the largest
areas of skin of uniform reactivity with respect
to this test (\Wiemer (1931)). An air reservoir
of 4000 cc. was included in the suctionl system in
order to minimize the pressure effects of small
leaks-" (Figure 1). The areas to whiclh suction
was applied were examined after one miiinute with
a hand lens of 10 X magnification at constant
focus, and with a constant artificial source of light
(Figure 1). The eflects of negative pressures

2 A refined instrument of this type has recently been
described by Cutter and Johllson (1935).
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FIG. 1. APPARATUSUSED IN THE DETER-MINATION OF CAPILLARY PER-MEABILITY.
Note detail of suction cup in insert: Diameter of suction area-1 cm. Width

of flange resting upon cutaneous surface-1 cm.

at intervals of 10 mm. I-Ig were investigated; and
the reading recorded in each instance was the
lowest negative pressure at which discrete cal)il-
lary hemorrhages appeared.

Incidence of abnormial capillary fragility
Great individual variations in the amount of

negative pressure required to produce capillary
hemorrhage were evident. The fact that many
racial groups were represented among these pa-
tients may, in part, account for this, for it was
noted that readings were often high in subjects
with heavily pigmented skins. For this reason
no absolute standard could be used, and in each
subject changes relative to the preliminary deter-

mination in January were taken into accounit.
Readings in patients with intercurrent febrile dis-
ease other than rheumatic fever were discarded.
As shown in Figure 2, the degree of negative
pressure required to produce capillary hemor-
rhage in the control Group B decreased on the
average, especially fromii January to April, indi-
cating that there was a relative increase in capil-
lary permeability during the late winter and early
spring. In contrast there often was noted in the
other group, a slight decrease in capillary fragility
which usually appeared following the taking of
ascorl)ic acid; and this (lecrease was maintained
during the remainider of the period of observa-
tion (see Figure 3). These findings indicate that
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FIG. 2. RELATIVE CHANGEIN CAPILLARY FRAGILITY IN PATIENTS NOT RECEIVING ADDITIONAL ASCORBICACID
(GROUP B)

Heavy dotted line indicates average for the group.
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FIG. 3. RELATIVE CHANGEIN CAPILARY FRAGILITY IN PATIENTS REcEIVING 100 MGM. AscoRBIc ACID DAILY
(GROUP A)

Heavy dotted line indicates average for the group.
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TABLE I

Manifestations of rheumatic fever in ambulatory patients

Group "A" Group " B"
Treated with ascorbic acid Received lactose

Case number

1 2 3 4 5 6 8 12 14 17 21 22 23 25 1 5 6 7 8 12 17 20 22 28

Joint and muscular pains ....... + + + + +
Chorea.......................+ +
Precordial pain .. + + + + + + + +
Epistaxis . ..++++ + ++ + + +
Gastro-intestinal symptoms + + + + + + +
Change in cardiac murmurs..... + + + + + + + +
Gallop rhythm................ + + + + + + +
Erythema multiforme.......... (+)
Palpable spleen . .+ (+) + + + +Pleurisy ~~~~~~+ + +
Leukocytosis..+ + + + +
Rapid erythrocyte sedimentation

rate.+ + + + + + + + + + + + + + + + +
Failure to gain weight .+.+.++++ + + + + + + + + + + + + + + + + +
Tachycardia .................. + + + + + + + + + + + + + + +

Summary
Acute rheumatic fever ........ + + +
Active rheumatic fever ....... + + + + + + + + + + + + +
Probably active rheumatic fever + + + + + + + +

instances of ascorbic acid deficiency were prob-
ably present in both groups during January; and
furthermore, that, judged by this test, members
of Group A were protected against the develop-
ment of subclinical scurvy, while this condition
appeared in several members of Group B. Al-
terations in degree of capillary permeability could
not be correlated with the occurrence of rheumatic
activity in these patients. None of them showed
any lesions, such as gingivitis, characteristic of
scurvy.

Incidence of active rheumatic disease
Among the 56 subjects investigated, 14 of

Group A and 10 of Group B showed evidence of
active infection, probably attributable to the pres-
ence of rheumatic fever, at some time during the
period of observation. The evidence of disease
activity is detailed in Table I.

In 4 of each group the symptoms and signs
were so slight or so few in number that the desig-
nation of "probably rheumatic fever" must be
given them. On the other hand, 7 patients in
Group A and 6 in Group B had definite evidence
of low grade rheumatic activity; while 3 addi-
tional members of Group A developed severe
acute rheumatic fever during the time they were
receiving fairly large amounts of ascorbic acid.
The comparative incidence of rheumatic activity
among the treated and untreated patients during
the various months is shown in Table II. In the

TABLE II

Evidence of rheumatic fever in treated and untreated groups

Number of Jan- Feb- March April Mayuary ruaryMacApiMy

Patients show- Treated with
ing some degree ascorbic acid 9 12 9 6 7
of rheumatic Given
activity lactose 4 7 7 5 1

Patients with Treated with
acute rheumatic ascorbic acid 0 1 1 3 3
fever Given

lactose 0 0 0 0 0

group receiving ascorbic acid there were twice as
many active cases when medication was begun in
January as there were in the group receiving the
placebo. This greater tendency to develop recur-
rences doubtless accounts for the higher incidence
of rheumatic activity in this group. Nevertheless,
if latent scurvy were an important element in
calling out relapses it would be probable that
measures which are effective in eliminating scurvy
would also prevent the rheumatic relapses, but this
was not the case. With the exception of a greater
relative incidence of recurrences in Group A no
differences were apparent in the behavior of the
two groups.

The effect of diet
Even after detailed inquiry it was impossible

to grade accurately all of the habitual diets ac-
cording to their relative ascorbic acid content. A
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TABLE III

Relationship between adequacy of ascorbic acid in diet and
occurrence of rheumatic relapses

Group "A" Group "B"
in January dun: Total

Approximate
ascorbic acid

content of Number N Number Number Per
habitual diet Num- with Nm with Nm with cent

of active of active of active activeOfrheu- ofrheu- ofrheu- rheu-caes matim cases matism cases matim matsm

Definitely de-
ficient 3 2 4 1 7 3 42.8

Intermediate .. 13 4 11 4 24 8 33.3
Adequtate ...... 12 3 13 5 25 8 31.2

28 9 28 10 56 19

* Before administration of ascorbic acid.

few were identified as definitely deficient in this
respect, but almost half of them seemed adequate.
The remainder were graded as intermediate. The
incidence of active rheumatic disease in these three
categories, as indicated in Table III was slightly
higher in the individuals taking diets deficient in
ascorbic acid. The significance of this correlation
is clouded by the fact that these diets were with-
out exception deficient in other respects. Among
the patients falling into this " deficient" classi-
fication, furthermore, were those living under the
most unsatisfactory general hygienic environment.

The therapeutic effect of ascorbic acid in rheu-
matic fever. The therapeutic effect of ascorbic
acid medication was tested in 20 hospital patients
with rheumatic fever. Three of them had re-
ceived daily doses of 100 mgm. of ascorbic acid
for 1 to 3 months before they were admitted to
the wards because of acute illness. All were given
ascorbic acid in conjunction with antipyretics
when indicated, beginning on the third hospital
day and continuing for varying periods of time.
Seventeen patients received 250 mgm. of ascorbic
acid daily by mouth or intravenously for from 1
to 5 months (average 2% months), and 7 (in-
cluding 4 previously given synthetic ascorbic acid
without demonstrable benefit) were fed 200 cc.
of orange juice daily for two months. In 11 pa-
tients the oral doses of ascorbic acid were re-
placed by intravenous injections of an equivalent
quantity for periods of ten days each during dif-
ferent phases of the disease. Meanwhile, the
diets contained liberal quantities of other acces-
sory foodstuffs, or were supplemented by potent
yeast and cod liver oil preparations. None of

these measures exerted a demonstrable beneficial
influence upon the clinical picture of rheumatic
fever. During the course of these treatments
there were several instances in which each of the
following manifestations of the disease appeared
in characteristic fashion: arthritis, carditis, ery-
thema marginatum, subcutaneous fibroid nodules,
and prolonged low grade fever. In several pa-
tients all other treatment was withheld except a
high intake of ascorbic acid combined with ade-
quate caloric diets, and the rheumatic condition
progressed, so that eventually the usual antirheu-
matic therapy had to be instituted in order to
relieve the unpleasant symptoms.

DISCUSSION

The importance of the disease rheumatic fever
warrants a thorough investigation of any valid
suggestion concerning possible etiological factors.
That made by Rinehart (1933) and his coworkers
seemed of sufficient import to excite considerable
interest, especially in view of the newer knowledge
concerning the structure and action of ascorbic
acid. Wehave, therefore, attempted to apply all
possible techniques to the investigation of the re-
lationship between ascorbic acid deficiency and
rheumatic fever. Our data concerning the syner-
gic effect of ascorbic acid deficiency and strepto-
coccal infection in guinea pigs, in general agree
with Rinehart's, but we differ in our interpreta-
tion concerning the resemblance of the lesions so
induced with those of human rheumatic fever, and
feel that it is too remote to be more than sug-
gestive (Schultz (1936)).

In view of the lack of any suitable subject
among the usual laboratory animals for testing
this hypothesis further, it seemed to us that the
final evidence would have to be obtained from a
study of human subjects in whom the disease ex-
isted or was likely to occur. Wehave, therefore,
attempted to determine whether the mode of uti-
lization of ascorbic acid was different in rheumatic
patients from non-rheumatics, and also whether
this substance had any prophylactic or therapeutic
influence in this disease. As already noted, the
answer to the first of these questions was in the
negative insofar as utilization can be determined
in terms of intake and output of definite quantities
of ascorbic acid (Sendroy and Schultz (1936)).
The methods available gave us no evidence con-
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cerning the intermediate utilization of this sub-
stance, and we can simply state that apparent dis-
turbances in rheumatic subjects follow the same

pattern that exists among non-rheumatics. While
ascorbic acid subnutrition seemed to occur more

frequently among the rheumatics than among the
controls, this was by no means a characteristic
finding, and when such a state was detected it was

attributable to the patient's economic condition
rather than to any particular diseased state.
When the subjects, both rheumatic and non-rheu-
matic, received adequate preliminary doses they
showed a high degree of saturation with respect
to this substance. Although others (Schroeder
(1935); Gabbe (1934)) have suggested that in
certain diseased states anomalies in ascorbic acid
metabolism may occur, definite proof of this has
not been presented. In this connection the diffi-
culty of measuring the excretion of the substance
in the urine of patients with jaundice should be
mentioned; and also the fact that gastro-intestinal
disturbances apparently interfere with its absorp-
tion from the stomach or bowel. Febrile states
or other conditions accompanied by gastro-intesti-
nal upsets may, therefore, apparently affect the
excretion of this substance, but when such condi-
tions exist the intravenous administration of
ascorbic acid is followed by a normal pattern of
excretion.

It was thought that contributory evidence con-

cerning the relationship between subclinical scurvy

and rheumatic fever might be obtained by meas-

uring the capillary permeability of the subjects
under investigation. Divers states may be accom-

panied by a decrease in this permeability (Dall-
dorf (1933); Cutter and Marquardt (1930);
Stephan (1921)); and scurvy has long been rec-

ognized as one of them. Particularly through the
work of Gothlin and his collaborators the sig-
nificance of increased capillary fragility as an

early manifestation of mild scurvy has been em-

phasized. The results of applying this test to
children in this country have led to different con-

clusions concerning the prevalence of subclinical
scurvy among them (Dalldorf (1933); Stocking
(1933)). Various authors agree that coincident
with rheumatic carditis-among other febrile
states-capillary permeability is increased (Dall-
dorf (1933); Cutter and Marquardt (1930);
Stephan (1921)). Frontali (1927) and Simon

(1929-30), on the other hand, found an unaltered
permeability in patients with simple polyarthritis
uncomplicated with carditis or cardiac decompen-
sation. On the basis of this test our findings in-
dicate the existence of subclinical scurvy in some,
but not all, of the rheumatic children studied. It
is probable that this increase in permeability was
an expression of dietary deficiency rather than of
a rheumatic state, because no characteristic change
in capillary permeability accompanied the onset or
disappearance of signs of rheumatic activity in
either group.

The taking of adequate quantities of ascorbic
acid over periods of several months did not pre-
vent the recurrence of rheumatic activity among
subjects who would otherwise have been expected
to develop the disease, even though the results of
capillary permeability tests indicated that individ-
uals so treated were removed from a state of sub-
clinical scurvy. This appears to us to be most
significant evidence that ascorbic acid deficiency
is not an important factor in the etiology of this
disease. The failure of large doses adequately
taken into the circulation, either enterally or
parenterally, to alleviate the symptoms of rheu-
matic fever, or to prevent the appearance of new
symptoms, is further proof in this respect.

It has been recently reported (Euler and Malm-
berg (1934); Euler, S6der and Malmberg
(1935)) that fruit juices contain an "anti-infec-
tive vitamin "" J." In addition to pure ascorbic
acid, a number of our patients were given large
amounts of orange juice and other fruit juices
without any appreciable benefit.

Evidence based on the study of the dietary hab-
its of patients in respect to ascorbic acid is, nat-
urally, difficult to evaluate, for a group of persons
who have a low intake of this substance probably
are in economic conditions where other vitamins
and also the total caloric value of their food
is subnormal. Faulkner (1935), in a preliminary
report of a study of 27 cases of rheumatic fever
treated with ascorbic acid, has found large doses
of this substance to be without effect on the course
of the disease. Warner, Winterton and Clark
(1935) have recently investigated in detail the
dietary habits of a large group of rheumatic chil-
dren compared with non-rheumatic controls, and
found no significant difference in the two groups
in respect to ascorbic acid. Weare in agreement
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with their conclusions that deficiency of ascorbic
acid intake is not a characteristic phenomenon in
rheumatic fever, and therefore feel that subclini-
cal scurvy is not a necessary factor in the causa-
tion of this disease.

CONCLUSIONS

1. Two comparable groups of rheumatic chil-
dren, one of them receiving daily doses of ascorbic
acid, were observed at intervals during late winter
and early spring. As indicated by tests of capil-
lary permeability, the development of subclinical
scurvy was prevented in the treated group, but
the incidence of active rheumatic fever was not
favorably affected by this medication.

2. The clinical manifestations of acute rheu-
matic fever were not demonstrably affected by the
oral or intravenous administration of ascorbic acid
over periods of several months. Large doses of
orange juice were also ineffective.

3. These data are additional evidence that ascor-
bic acid deficiency is not a necessary factor in the
etiology of rheumatic fever.
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