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There has been considerable difference of opin-
ion concerning the influence of the vitamins upon
resistance to infection (1). Many of the pub-
lished reports, based to a great extent upon studies
in experimental animals, have tended to suggest
that vitamin A and vitamin C are especially im-
portant in maintaining resistance (2). The role
of these vitamins in the resistance of human sub-
jects to infection has not been satisfactorily
established.

The present study was undertaken to reinves-
tigate the influence of vitamin A and vitamin C
upon a series of immunological reactions in pa-
tients receiving diets adequate in all other factors
except the specific vitamin, the influence of which
was to be studied. The following immunological
phenomena were studied: (1) the capacity of the
patient’s nasal secretions to inactivate influenza
virus (3); (2) the titer in the patient’s blood
serum of neutralizing antibodies for influenza
virus; (3) the activity of lysozyme in the nasal
secretions; (4) the titer of complement in blood
serum; and (5) the phagocytic activity for pneu-
mococci of polymorphonuclear neutrophilic leuko-
cytes in whole, heparinized blood.

METHODS
Selection and care of patients

The five subjects were patients in the wards of the
Third (New York University) Medical Division of Bel-
levue Hospital. Three of them had been admitted to the
hospital for some minor complaint; one patient had cir-
rhosis of the liver and the other had ankylosing spondy-
litis. All patients were under the observation of a special
nurse.

Dietary measures

Each patient received a diet which was deficient either
in vitamin A or vitamin C but which was adequate in

1 This research was aided by a grant from the Josiah
Macy, Jr. Foundation.

2 The cod liver oil concentrate used in this study was
supplied by the Lederle Laboratories, Inc.

calories and all other foodstuffs. In addition, each patient
received a daily supplement of 10 to 20 mgm. thiamine
chloride, 50 to 100 mgm. nicotinic acid, 1 to 2 mgm. ribo-
flavin and 15 to 30 grams of dried brewers’ yeast. Fur-
thermore, patients who were on the diet deficient in vita-
min A received 100 to 200 mgm. of ascorbic acid daily;
patients on the diet deficient in vitmin C received 100,000
to 300,000 U.S.P. units of vitamin A in the form of a
cod liver oil concentrate daily.

The diets were prepared by the University dietitian.
The diet deficient in vitamin A contained not more than
300 U.S.P. units of vitamin A per day (Table I). The

TABLE 1
Vitamin A deficient diet
Breakfast
Fruit
Cereal

Skimmed milk, one pint
Bread, three slices
Coffee

Lunch
Lean beef or fish
Potato, rice or spaghetti
Skimmed milk, one pint
Bread, three slices
Plain pudding, Jello, fruit or ice cream

Supper
Eean beef or cottage cheese
Rice, potato or spaghetti
Skimmed milk, one pint
Bread, three slices
Dessert, same as for lunch

Butter, eggs and vegetables were excluded from the diet
and Mazola oil was used to cook the meat and fish.

The only significant source of vitamin A in the diet was
the milk which was skimmed and contained not more than
20 U.S.P. units of vitamin A per 100 cc.

diet deficient in vitamin C contained about 5 mgm. of
vitamin C per day (Table II).

Vitamin determinations

Weekly or bi-weekly determinations of the amount of
vitamin A, carotene and vitamin C in the blood plasma
of each patient were made. The amount of vitamin C
in the white blood cell-platelet layer was determined at
intervals. All of the determinations, except where spe-
cifically indicated otherwise, were made on blood ob-
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TABLE II

Vitamin C deficient diet
Breakfast
Cereal, with sugar
Skimmed milk, one pint
Egg, one only
Bread, three slices, with butter

Lunch
Lean beef or fish
Rice, spaghetti or noodles
Skimmed milk, one pint
Bread, three slices, with butter
Plain pudding, custard, Jello or ice cream

Su
(Q,ﬁgese, eg% or lean beef
Rice, noodles or spaghetti
Skimmed milk, one pint
Bread, three slices, with butter
Dessert, same as for lunch

Fruit and vegetables were excluded from the diet.

tained from the patient 24 hours after the last adminis-
tration of vitamin A or vitamin C.

The concentration of vitamin A in the plasma was
determined in the photoelectric colorimeter by the method
reported by Kimble (4). The amount of carotene in the
‘plasma was determined in the photoelectric colorimeter by
the method described by Stueck et al. (5).

The content of vitamin C in the plasma was determined
in the photoelectric colorimeter by the method of Mindlin
and Butler (6), using methylene blue as the indicator in
place of 2, 6 dichlorophenol indophenol. The concentra-
tion of vitamin C in the white blood cell-platelet layer
was measured by the method of Butler and Cushman (7).

It has been reported by others (4) and substantiated by
Ralli et al. (8) that in normal adults the level of vitamin
A in the plasma, as determined in the photoelectric col-
orimeter, varies from 88 to 220 U.S.P. units per 100 cc.
and the amount of carotene in the plasma varies from
0.080 to 0.280 mgm. per cent.

In normal adults the amount of vitamin C in the plasma
is above 0.4 mgm. per cent. The concentration of the
vitamin in the white blood cell-platelet layer is about 25
mgm. per 100 grams (9). The best test at present avail-
able for detecting a profound depletion of the stores of
vitamin C in the tissues of humans, prior to the appear-
ance of the symptoms of scurvy, is the determination of
the amount of vitamin C in the white blood cell-platelet
layer. A decrease in the amount of vitamin C in the
plasma precedes any decrease in the amount of ascorbic
acid in the white blood cell-platelet layer. When vita-
min C is absent from the plasma the subject can be con-
sidered to be in a state of vitamin C subnutrition. When
the vitamin is absent from the white blood cell-platelet
layer the subject is approaching the clinical state of
scurvy.

Immunological tests

Materials for the various immunological tests were
obtained each week or, in certain instances, every second
week.
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Determination of the capacity of the nasal secretions to
inactivate influenza virus

Nasal secretions were obtained by inserting pledgets of
dry cotton into the middle meatus of the nose. After
the cotton had become well soaked, the clear fluid was
expressed. This material was stored at 4° C. and each
specimen was subjected to the same period of storage
before testing. The virus was obtained from infected
mouse lung which had been ground with alundum and,
after light centrifugation, diluted 1:500 with 10 per cent
normal horse serum in physiological sodium chloride
solution. Serial, two-fold dilutions of the nasal secre-
tions in physiological sodium chloride solution were made
and to 0.15 cc. of each dilution an equal volume of a
suspension of the PR8 (10) strain of type A epidemic
influenza virus, containing 6,000 lethal doses, was added.
The nasal secretions-virus mixtures were incubated at
37° C. for 30 minutes and then 0.05 cc. of each mixture
(containing 1,000 lethal doses of virus) was given intra-
nasally to each of three C.F.W. Swiss mice lightly
anesthetized with ether. The mice were observed for 10
days, all deaths were recorded daily, and all survivors
were sacrificed and autopsied. The end point of the
titration was that final dilution of nasal secretions which
protected 50 per cent of the mice from death in 10 days
(11). Since these tests were made at weekly intervals,
the potency of the virus was determined each week to
permit a standardization of the results.

Determination of influenza virus neutralizing antibody in
blood serum

These tests were performed in exactly the same manner
as those with nasal secretions except that double volumes
of diluted serum and virus suspension were placed in the
mixture.

A single, standard serum was included in most tests for
influenza virus inactivating substance in nasal secretions
and influenza virus neutralizing antibody in blood serum.
The uniformity of titer as shown in Figure 1 indicates
that the results obtained in different tests are strictly com-
parable since the range of variability fell within one
dilution.

Determination of lysosyme in nasal secretions

Serial, two-fold dilutions of nasal secretions were made
in physiological sodium chloride solution and 0.5 cc. of
each dilution was added to 0.5 cc. of an 18-hour culture
of the susceptible microorganism in pneumococcus broth.
The mixtures were incubated for one hour at 37° C.
The end point was taken as the highest initial dilution of
nasal secretions which produced complete lysis of the
bacteria.

To ensure uniformity of the bacterial suspensions, tubes
containing 8 cc. of broth were seeded with 0.2 cc. of the
culture which had been used the previous week and sub-
sequently stored at 4° C. The microorganism employed
was a gram positive coccus which produced alpha hemoly-
sis, was not soluble in bile and did not ferment inulin.
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The substance which was being measured in these tests
had the properties of lysozyme (12) since the nasal secre-
tions could be heated at 100° C. for 30 minutes at pH 4.5
and when restored to pH 7 would still cause lysis of the
test organism, although the potency was reduced by 50
per cent. Of note was the observation that this treatment
completely destroyed the ability of the nasal secretions to
inactivate influenza virus.

Determination of complement in blood serum

Blood was drawn into partial vacuum venules® and
stored at 4° C. for 30 hours, at which time the serum was
removed and titrated. The serum was diluted 1:10,
1:20,1:30, 1:40, 1:60, 1:80, 1:100, 1:120 and 1:160
in physiological sodium chloride solution. Five-tenths cc.
of sensitized sheep red blood cells was added to 0.5 cc. of
each dilution of serum and the mixtures incubated for
one hour at 37° C. Two end points were read: first, the
highest initial dilution of serum producing complete he-
molysis and, second, the highest initial dilution of serum
producing the least detectable trace of hemolysis, as
judged by inspecting the supernate following centrifuga-
tion. Control tests consisting of 0.5 cc. of each dilution
of the patient’s serum, 0.25 cc. of unsensitized sheep red
blood cells and 0.25 cc. of physiological sodium chloride
solution were always included.

The same lot of amboceptor served as a source of
hemolysin for all tests and 025 cc. was employed to
sensitize 0.25 cc. of the sheep red blood cells. The latter
were washed with physiological sodium chloride solution
before use.

Determination of the phagocytic index

Approximately 0.75 cc. of the patient’s blood was drawn
into 0.1 cc. of 0.05 per cent heparin in physiological
sodium chloride solution and the mixture was kept at

8 Kimble Glass Co., Vineland, N. J.

37° C. for one hour. One-tenth cc. of the heparinized
blood and 0.1 cc. of a 1:10 dilution in sterile meat infu-
sion broth (pH 7.8) of an 18-hour culture of pneumococci
in pneumococcus broth were then mixed in a 9 X 135 mm.
test tube. The tubes were then sealed in a gas-oxygen
flame and quickly placed upright in a water bath at 37° C.
for 5 minutes. The tubes were then kept for one hour
at 37° C. in a device which rotated them end over end
35 times per minute. A drop of the blood-pneumococcus
mixture was then spread on a glass slide and stained with
Wright's stain. The first 100 -polymorphonuclear neutro-
philic leukocytes encountered were examined for the
presence of engulfed pneumococci. The phagocytic index
was taken as the total number of intracellular diplococci
divided by 100. The phagocytic index for type one pneu-
mococci, strain S.V.l, and for type two pneumococci,
strain D39, was determined each week as a rule.

The stock cultures of the two strains of pneumococci
used in the tests were continuously incubated at 37° C.
and were subcultured every 24 hours by adding 0.1 cc. of
culture to 8 cc. of pneumococcus broth containing 0.1 cc.
of normal rabbit blood. Each strain was passed at weekly
intervals to a mouse by the intraperitoneal route and
recovered from the blood of the heart 3 days before use
in the tests. Both strains remained of uniform virulence
so that a 10 dilution of culture was fatal for mice in
approximately 24 hours. The bacterial colonies were al-
ways smooth.

A total leukocyte count of each sample of heparinized
blood was made but there was no discernible relationship
between the total leukocyte count and the phagocytic
index. In no instance was a frank leukocytosis encoun-
tered.

CONTROL OBSERVATIONS IN NORMAL SUBJECTS

Certain observations served as controls for the
studies in the patients on vitamin deficient diets.
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(a) In order to evaluate the significance of
changes in titer in the test subjects, it was neces-
sary to obtain parallel determinations of the same
nature in normal individuals. Four persons from
the laboratory were selected because they habitu-
ally consumed entirely adequate, average diets.
Over a period of 34 weeks, at weekly intervals,
tests for the influenza virus inactivating substance
and lysozyme content of nasal secretions were
conducted and monthly samples of serum were
obtained for titration of neutralizing antibody to
influenza virus (Figure 2). These materials were
tested each week, together with similar material
from all patients under investigation at the time.
It was found that the results of each test in each
individual tended, despite distinct variations, to
remain at a characteristic high, intermediate or
low level.

Each of the four subjects while under observa-
tion suffered his usual number of common colds.
The presence of these infections was in no way
reflected in the results of the tests nor was there
any obvious relation between the immunological
activity of the materials tested and the occurrence
of the colds. '

A single observation of great interest was made
in Subject R. M. In the 26th week, when the
subject was in the period of invasion of measles,
no influenza virus inactivating substance was de-
tected in the nasal secretions, although 1 week
previously and 2 weeks later it was present in
high titer.

(b) The phagocytic indices of the blood of three
normal persons against pneumococci were deter-
mined each week. These tests were followed
through periods of 8 weeks, 7 months and 8
months, respectively (Table III). Under the
conditions of study, considerable fluctuation in the
results was noted but no indication that the varia-
tions were due to modifications of bacterial viru-
lence was obtained. The fluctuations were never
uniform in all tests done at a given time but
rather appeared to represent individual variations.
On several occasions the accuracy of the tech-
nique was checked by treating two portions of the
same sample of heparinized blood as separate
specimens throughout the test. The resultant pha-
gocytic indices were essentially the same. The
conclusion was reached that the variations seen
were related principally to unknown factors in the
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TABLE III

Phagocytic indices of blood from three normal persons for
type one and type two pneumococci

Sub; j
AEF | OSSR | OBl
Date
Type| Type | Type| Type | Type| Type
one two one two one two
October 8, 1940 5.06
October 10, 1940 1.22
October 15, 1940 0.05
October 16, 1940 0.11
October 17, 1940 0.29
October 22, 1940 1.10
October 24, 1940 0.44
October 29, 1940 3.01
October 31, 1940 0.29
November 5, 1940 | 0.04| 7.05
November 7, 1940 0.02| 0.19
November 14, 1940 | 0.05{ 0.29 | 0.00{ 0.18
November 20, 1940 | 0.03| 0.98 | 0.03] 0.09
November 27, 1940 0.03| 0.15
November 29, 1940 | 0.01| 0.83
December 4, 1940 | 0.02| 0.47 | 0.03| 0.10
December 10, 1940 0.22
December 17, 1940 | 1.04! 0.91 | 0.20| 0.18
December 24, 1940 | 0.24] 6.70 | 0.04| 0.32
December 31, 1940 | 0.10| 0.76 | 0.04| 0.37
January 7, 1941 0.04| 1.61 | 0.07| 0.28
January 14, 1941 | 0.15] 0.99 | 0.02| 0.37
anuary 21, 1941 | 0.10| 1.08
anuary 28, 1941 | 0.02| 2.50 | 0.00| 1.04
ebruary 4, 1941 0.10| 0.21 | 0.05| 0.04
February 18, 1941 ] 0.03| 0.86
February 25, 1941 | 0.06| 0.90
March 4, 1941 | 0.02} 0.67 | 0.04| 0.62
March 11, 1941 | 0.13| 0.34 | 0.01] 0.17
March 18, 1941 0.17| 1.97 | 0.01| 0.63
March 25, 1941 | 0.16| 1.09 | 0.14] 0.83
April 1, 1941 0.50{ 3.26 | 0.13| 0.32
April 8, 1941 | 0.03| 0.37 | 0.34{ 2.14
April 15, 1941 | 1.20| 1.83 | 0.05| 0.36
April 22, 1941 | 0.82} 4.44 0.26| 3.26
April 29, 1941 | 0.49} 0.81 0.93| 0.54
ay 6, 1941 | 0.75| 1.32
May 13, 1941 | 0.40| 0.88 0.58| 0.84
May 20, 1941 | 0.69| 1.32 0.55| 0.53
May 27, 1941 | 0.10| 3.70
{une 3, 1941 | 0.28| 0.50 0.15]| 0.23
une 10, 1941 | 0.26| 2.70 2.87] 0.19

blood itself which influenced the phagocytic ac-
tivity.

EXPERIMENTAL OBSERVATIONS

(a) The influence of changes in the blood plasma
levels of vitamin A and vitamin C upon
immunological phenomena

Immunological studies were made at regular
intervals on each of two patients who were under
approximately the same experimental conditions.
In the course of these studies definite changes
were produced in the plasma levels of vitamin A
and vitamin C. In addition, tests were made upon
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materials obtained from each patient before and
several hours after the administration of a dose
of cod liver oil concentrate sufficient to cause a
marked rise in the plasma level of vitamin A.

W. W., a 50-year-old white male, was admitted to the
hospital on September 6, 1940. He had lost 35 pounds of
weight during the preceding year and had suffered from
nervousness and tremors. He was undernourished and
had generalized arteriosclerosis.

A high caloric diet was given for 8 days at the end
of which time analysis of the blood plasma revealed 0.5
mgm. per cent of vitamin C, 88 U.S.P. units of vitamin
A per 100 cc. and 0.13 mgm. per cent of carotene.

On September 17, a 90-day period of observation was
begun. The patient was placed on the vitamin A de-
ficient diet supplemented daily with 200 mgm. ascorbic
acid, 10 mgm. thiamine chloride, 50 mgm. nicotinic acid,
15 grams dried brewers’ yeast and 1.2 grams ferrous
sulphate. This regime was continued for 32 days during
which time the plasma levels of vitamin A ranged be-
tween 75 and 88 U.S.P. units per 100 cc. while the
plasma carotene fell progressively to a low level of
0.075 mgm. per cent. By the 10th day, as a result of
the administration of vitamin C, the plasma level had
risen to 1.87 mgm. per cent and the concentration in the
white blood cell-platelet layer was 24 mgm. per 100 grams.

The patient was discharged from the hospital on the
32nd day with instructions to eat a regular diet supple-
mented daily with 300,000 U.S.P. units of vitamin A in
the form of a cod liver oil concentrate. The other die-
tary supplements were discontinued. The patient re-
turned weekly for further observations. This regime
was continued for the final 58 days of the study. As a
result of the large intake of vitamin A, the plasma level
increased to 143 U.S.P. units per 100 cc. by the 44th day
at which time the daily dose of vitamin A was reduced
to 100,000 U.S.P. units. By the 58th day, the plasma
vitamin A content had decreased to 75 U.S.P. units per
100 cc. On the 82nd day, the patient was given a large
dose of cod liver oil (300,000 U.S.P. units of vitamin A).
This raised the plasma level of vitamin A from an
initial value of 88 to a value of 393 U.S.P. units per
100 cc. in 5 hours. After this the usual daily dose of
100,000 U.S.P. units of vitamin A was resumed. The
diet probably contained inadequate amounts of vitamin C
because the plasma level decreased progressively to 0.21
mgm. per cent. On the 83rd day, he was again placed
on 200 mgm. vitamin C daily and by the 90th day, the
plasma level had risen to 1.73 mgm. per cent.

During the studies the patient gained approximately 10
pounds in weight.

T. O., a 60-year-old white male, was admitted to the
hospital on September 17, 1940. His chief complaints
were abdominal pain for 6 months, loss of 40 pounds of
weight during the preceding year and weakness for 6
months. Although he had consumed no liquor for 234
years, he had previously been a heavy drinker. His diet
had been inadequate for 2 years, consisting mostly of
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oatmeal and some sort of stew. He took no milk, fruit
or vegetables. He suffered frequently from the common
cold. The patient weighed 146 pounds and did not appear
ill. The skin was slightly icteric. The liver was en-
larged, firm and tender and the abdominal veins were
dilated. The urine contained bile and urobilin. The ic-
teric index was 21. Red blood cells numbered 5.8 million
per cubic millimeter and the blood contained 13 grams
hemoglobin per 100 cc. The plasma vitamin A was 25
U.S.P. units per 100 cc. and the plasma carotene was
0.06 mgm. per cent. No vitamin C was detected in the
plasma. A diagnosis of cirrhosis of the liver was made.

Due to the low level of vitamin A in the plasma, this
patient provided an opportunity to study the immunologi-
cal phenomena while the plasma vitamin A was kept at
a low level and then to observe the possible effects of
the administration of cod liver oil in amounts sufficient to
raise the plasma level of vitamin A to normal.

A 175-day period of observation was begun on Sep-
tember 24 when the patient was placed on the vitamin A
deficient diet supplemented daily with 20 mgm. thiamine
chloride, 200 mgm. nicotinic acid and 30 grams dried
brewers’ yeast. This vitamin A deficient regime was
continued for 26 days during which time the plasma level
of vitamin A was never above 45 U.S.P. units per 100
cc. and the plasma level of carotene was never above
0.080 mgm. per cent. At the beginning of this 26-day
period, there was still no vitamin C in the plasma and
the white blood cell-platelet layer contained only 5 mgm.
per 100 grams. One thousand mgm. of vitamin C were
given daily from the 2nd to the 6th day, at which time
the plasma content of vitamin C had risen to 1.05 mgm.
per cent and the concentration in the white blood cell-
platelet layer was 25 mgm. per 100 grams. From the
6th to the 26th day, the patient received 200 mgm. vitamin
C daily and the plasma level of vitamin C remained within
the normal range.

From the 26th to the 115th day, the vitamin A de-
ficient diet, the daily supplements of the vitamin B com-
plex and 200 mgm. of vitamin C daily were continued as
before but adequate amounts of vitamin A in the form
of a cod liver oil concentrate were given daily. From
the 26th to the 31st day, 300,000 U.S.P. units of vitamin
A were given daily. By the 29th day, the plasma level
of vitamin A had risen to 118 U.S.P. units per 100 cc.
but the plasma carotene level was still low, 0.050 mgm.
per cent. Because of diarrhea, the cod liver oil was
discontinued on the 31st day. From the 45th to the 73rd
day, 100,000 U.S.P. units of vitamin A were given daily
and the plasma levels varied from 75 to 97 U.S.P. units
per 100 cc. From the 73rd to the 115th day, the daily
dose of vitamin A was increased to 200,000 U.S.P. units
and during this period the plasma content varied from 75
to 157 U.S.P. units per 100 cc. Meanwhile, the plasma
levels of carotene progressively decreased to 0.015 mgm.
per cent, probably because of the absence of carotene-
containing foods from the diet. From the 26th to the
115th day, the plasma and white blood cell-platelet levels
of vitamin C remained within the normal range due to
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the administration of adequate amounts of the vitamin
daily.

From the 115th to the 175th day, the patient continued
to receive 200,000 U.S.P. units of vitamin A daily plus
the vitamin B complex but all sources of vitamin C were
removed from the diet and no supplements of vitamin C
were given. The plasma levels of vitamin A and caro-
tene remained at their former values during this final
period of study but the plasma level of vitamin C grad-
ually fell to zero by the 175th day.

On the 112th day, a dose of cod liver oil containing
300,000 U.S.P. units of vitamin A was given and the
plasma level of the vitamin rose from a fasting value of
153 to 815 U.S.P. units per 100 cc. in 5 hours and then fell
to 157 U.S.P. units per 100 cc. in the next 20 hours.

During the studies the patient suffered several attacks
of the common cold; two of them occurred while he was
taking vitamin A and vitamin C. The jaundice and ab-
dominal pain gradually disappeared. The patient gained
approximately 25 pounds in weight.

Although marked changes were produced and
maintained in the plasma levels of vitamin A and
vitamin C by the addition or removal of these sub-
stances from the diet, noteworthy alterations in the
results of the immunological tests were not ob-
served (Figures 3 and 4). Furthermore, abrupt
rises in the plasma content of vitamin A were in-
duced by the administration of a large dose of this
vitamin. Materials for the immunological tests
were obtained from each patient just before the
administration of the vitamin A, at a time when
the plasma levels of this vitamin were normal, and
again 5 hours later when the levels were 393 and
815 U.S.P. units per 100 cc., respectively. In
neither instance were the results of the immuno-
logical tests appreciably influenced by the abrupt
increase in the vitamin A content of the plasma.

(b) The influence of vitamin C deficiency upon
immunological phenomena

Immunological studies were made at regular in-
tervals in each of two patients who were kept on
the regime deficient in vitamin C until they were
thoroughly depleted of the vitamin and who were
then given amounts of vitamin C adequate to re-
store the plasma and white blood cell-platelet levels
to normal.

J. M., a 54-year-old white male, was admitted to the
hospital on October 31, 1940. His chief complaint was
pain in the left upper portion of the chest anteriorly and
in the left shoulder and arm. These pains were due to
a mild arthritis of the dorsal spine and left shoulder joint.
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The patient was in good condition and well nourished.
The plasma vitamin C was 0.21 mgm. per cent on No-
vember 27.

A 130-day period of observation was begun on No-
vember 29, when the patient was placed on the vitamin C
deficient diet supplemented daily with 20 mgm. thiamine
chloride, 100 mgm. nicotinic acid, 2 mgm. riboflavin, 30
grams dried brewers’ yeast and 100,000 U.S.P. units of
vitamin A in the form of a cod liver oil concentrate. The
plasma level of vitamin C fell gradually and reached zero
by the 34th day, at which time the concentration of as-
corbic acid in the white blood cell-platelet layer was 10
mgm. per 100 grams. Vitamin C was absent from the
plasma from the 34th to the 97th day and during this
interval of 63 days the amount of ascorbic acid in the
white blood cell-platelet layer varied from 3 to 9 mgm.
per 100 grams.

From the 97th day to the end of the study (a period of
33 days), 200 mgm. of vitamin C were given by mouth
daily but the regime was otherwise unchanged. On the
102nd day, no vitamin C was present in the plasma and
the amount of ascorbic acid in the white blood cell-platelet
layer was only 5 mgm. per 100 grams. Thereafter, the
plasma level of vitamin C rose slowly to 0.88 mgm. per
cent by the 130th day, at which time the concentration in
the white blood cell-platelet layer was 20 mgm. per 100
grams.

Throughout the study the patient received large daily
doses of vitamin A. This resulted in a rise in the plasma
level of vitamin A from an initial value of 105 U.S.P.
units per 100 cc. to values which were usually above 150
and frequently exceeded 300 U.S.P. units per 100 cc.
The diet was deficient in foods containing carotene so
that, in spite of the high levels of vitamin A in the plasma
and the large daily doses of cod liver oil, the plasma caro-
tene level fell from an original value of 0.135 mgm. per
cent to 0.040 mgm. per cent on the 88th day and was only
0.065 mgm. per cent on the 130th day.

Signs or symptoms of scurvy did not appear although
vitamin C was absent from the plasma for 63 consecutive
days and the amount of ascorbic acid in the white blood
cell-platelet layer was reduced to 3 mgm. per 100 grams.
This observation was not unexpected since Crandon et al.
(13) and Ralli and Sherry (14) have also reported in-
stances in which vitamin C has been absent from the
plasma for considerable periods of time without clinical
evidence of scurvy. In Crandon’s report (13), a diet de-
ficient in vitamin C was continued for 140 days before the
first clinical signs of scurvy appeared. In the present
case there was little doubt that the patient’s tissues had
been thoroughly depleted of vitamin C as 5900 mgm. of
the vitamin were required to resaturate the plasma and
white blood cell-platelet layer.

The patient gained approximately 33 pounds in weight
during the study, thus emphasizing the adequacy of the
diet in other respects.

The depletion of vitamin C in this patient and
the subsequent saturation of the tissues by the ad-



128

A. E. FELLER, LESLIE B. ROBERTS, ELAINE P. RALLI, AND THOMAS FRANCIS, JR.

PATENT WA
LYSOZY ME w0 ~
SERUM ANTIBODY =ptn=— s
12 | NASAL SECRETION —o— £
|=|6°.“ "]
5
gme 80 &
«sg woa
wl 3
50 18 [® 4
§ 4 “‘Sg
33 . 2
120 &
)
"2 57
110 g
COMPLEMENT °0——=o
3 *30 DEGINNING HEMOLYSIS
9,40
EOW _«v'omwgs _ " _
(=1 1
?m:
ZTvrex
s 175
150 150
o =3
g,"” S 8
a3 22
§ 8"” 100 > ;
S <.
§ zs
S 7533
~ e~
o
30 50
25 25
[ ]
de% =
I
3
gis °
A NONE SivEN Soagouse | 100000 USR UNITS DARY: [ 200,000 uar wrs oany
[ 200 mgrm. DALY NONE GIVEN | —
e v 3 - v v - - v

Fic. 3. REesuLTs oF IMMUNoLoGICAL TESTS IN PaTiENT W. W.

* This determination was made 2 hours after the patient had taken cod liver oil and does not represent

the fasting level of vitamin A.

. %% This figure is the level of vitamin
vitamin A. The immunological tests were performed on materials obt

hours after the administration of the vitamin A.

A 5 hours after the administration of 300,000 U.S.P. units of
ained immediately previous to and §



VITAMINS A AND C IMMUNOLOGICAL REACTIONS 129

PATIENT T.0.
LYSOZYME —o— e
SERUM ANTIBODY — =gt
NASAL SECRETION —o— o a
m .
A/ %
§ 16| x 80
28 3
Q  lad o o §
2 85
o g ¥4 ®0 g 5
2 25
5 o )
') »o §
Zz
_/D—'
COMPLEMENT o
z § 140 BEGINNING HEMOLYSIS
= X 140
2% T«»:lt/moc\x;w " * v "~
=] ‘B w0 ’ '
fm 4 . . . —;J . . -J— ______ | I _____
I0
S2vrem|S on | 1grlas o aesloer fo32 o8lu7 [o34] — lros! — | —losslaezlus | - lazsl

5
a

8

3
d B
PLASMA VITAMIN A
(U.S.P. UNIT8/100 C.C.)

&

(mg

PLASMA VITAMIN ¢
m./100 ¢.c.)
b8 8 8

8

&

wd a8l

A wontoven [ wome | 200,000 USR UNITS DALY
c 23 _ 200 mgen. DALY . | NOWE GIVEN
o o T I e — —— gy

VITAMN C inWBC,
vivamn and PLATELETS

surriemenr (Mmgm./icoc.c.)

F16. 4. REsuLTs oF IMMUNoLoGICAL TEsTs IN PatiEnt T. O.

* This figure is the level of vitamin A 5 hours after the administration of 300,000 U.S.P. units of
vitamin A. The immunological tests were performed on materials obtained immediately previous to and 5
hours after the administration of the vitamin A.



130

ministration of ascorbic acid produced no signifi-
cant alterations in the results of the immunological
tests (Figure 5). During the final 5 weeks of
the study, when the patient was receiving 200 mgm.
of vitamin C daily and the plasma levels were pro-
gressively increasing, determinations of the influ-
enza virus inactivating substance in the nasal secre-
tions yielded one result definitely below the average
and two results clearly higher than the average.
These variations appear to have little significance
because fluctuations of equal or greater magnitude
were frequently demonstrated in the titers for this
substance in nasal secretions obtained from normal
persons (Figure 2). Five of the final seven
phagocytic indices for type two pneumococci ex-
ceeded the upper limits of the values previously
observed. This increase in the phagocytic power
of the blood was probably unrelated either to the
vitamin C deficiency or to the subsequent satura-
tion of the tissues with ascorbic acid because the
indices were significantly increased before the pa-
tient was given vitamin C and there was no com-
parable increase in the indices for type one pneu-
mococci. Furthermore, it was demonstrated by
means of the mouse protection test that serum ob-
tained during the 21st week of observation, when
the phagocytic index for type two pneumococci
was 7.52, contained type specific antibodies for
type two pneumococci, whereas none was present
in serum obtained during the 11th week. The test
was performed by testing each specimen of serum
with three dilutions of culture of pneumococci,
namely, 104, 10-%, 10¢. Three mice were in-
jected with each mixture of serum and pneumo-
cocci. All mice receiving mixtures of pneumo-
cocci and serum taken in the 11th week died. All
mice receiving mixtures of serum taken in the 21st
week and pneumococci in a dilution of 10-* and
10-5 also died but two of the three animals receiv-
ing the 10 dilution of pneumococci (10 lethal
doses per animal) survived. The elaboration of
type specific antibody was most probably the re-
sult of an actual stimulus by the specific antigen.

Of special interest was the observation that the
amount of complement in the blood serum as meas-
ured by the technique described above was not de-
creased in this patient during the period of vitamin
C deficiency. This confirms the report of Cran-
don et al. (13) who found no decrease in serum

A. E. FELLER, LESLIE B. ROBERTS, ELAINE P. RALLI, AND THOMAS FRANCIS, JR.

complement despite a severe depletion of vitamin
C. Others (15, 16) have stated that a decrease
in complement parallels a deficiency in vitamin C.

L. N., a 34-year-old negro male with a history of alco-
holism, was admitted to the hospital on April 15, 1941.
He had an acute alcoholic gastritis but it subsided in a
few days. He was in a good state of nutrition.

A 47-day period of observation was begun on April 24
when the patient was placed on the vitamin C deficient
diet with daily supplements of 10 mgm. thiamine chloride,
100 mgm. nicotinic acid and 30 grams of dried brewers’
yeast. On the 5th day, daily supplements of 100,000
U.S.P. units of vitamin A in the form of a cod liver oil
concentrate were begun. This regime was continued for
40 days and during this period the plasma level of vitamin
C remained at zero and the concentration of ascorbic acid
in the white blood cell-platelet layer varied between 6 and
9 mgm. per 100 grams.

On the 40th day, daily supplements of 500 mgm. of

" vitamin C were added. By the 47th day, the plasma vita-

min C had risen to 1.25 mgm. per cent and the level in
the white bood cell-platelet layer had increased to a value
of 33 mgm. per 100 grams.

The amount of vitamin A in the plasma ranged from
78 to 195 U.S.P. units per 100 cc. during the 47 days of
observation while the amount of carotene in the plasma
decreased from an initial value of 0.080 mgm. per cent
to a final value of 0.065 mgm. per cent.

On the 27th day, the patient developed an acute pharyn-
gitis with cervical lymphadenopathy and fever of 102.6°
F. Beta hemolytic streptococci, Lancefield group A, were
isolated from the pharynx. The course of the illness was
not unusual despite the deficiency in vitamin C and the
patient was well by the 33rd day. Only symptomatic
treatment was used.

The deficiency of vitamin C in this patient was severe.
This was shown by the fact that the amount of vitamin C
required to saturate the tissues (3500 mgm.) was approxi-
mately the amount required to saturate the tissues of pa-
tients suffering from scurvy (17).

The patient gained 7 pounds in weight during the study.

At no time during the period of observation
were the titers of lysozyme in the nasal secretions,
the amounts of complement in the blood serum or
the phagocytic indices of the blood for pneumo-
cocci altered to a significant degree (Figure 6).
The fact that the phagocytic indices were not influ-
enced either by the deprivation of vitamin C or by
the subsequent saturation of the tissues with the
vitamin supports the impression that the increase
in the phagocytic indices for type two pneumococci
observed in the previous patient (J. M.) subjected
to prolonged deprivation of vitamin C was unre-
lated either to the deficiency or to the administra-
tion of the vitamin.
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On the other hand, the variations in the titer of
influenza virus inactivating substance in the nasal
secretions and of influenza virus neutralizing anti-
body in the serum were of interest. The titers in-
creased during the first 3 weeks of observation,
remained at a high level in the 4th week and {fell to
lower levels in the 5th and 6th weeks. These ob-
servations were not readily explained. That they
were related either to the depletion of vitamin C
or to the saturation of the tissues with the vitamin
is not clear since the titers both rose and fell during
the period when the amount of vitamin C in the
blood was extremely small and were not influenced
appreciably by the administration of 500 mgm. of
ascorbic acid daily for one week. The amount of
vitamin A in the plasma was within normal limits
during the entire period of study. The attack of
pharyngitis did not occur until the 4th week, at
which time the titers were decreasing. It could
be suggested that the increase in virus neutralizing
titers was due to specific infection with influenza
virus. There was no clinical evidence that such
infection had occurred.

(¢) The influence of a diet deficient in vitamin A
upon immunological phenomena

Immunological studies were made at regular in-
tervals on a patient who was kept on a diet de-
ficient in vitamin A for 17 weeks and who was
then given large amounts of vitamin A daily during
the final 2 weeks of study. In addition, materials
for the various immunological tests were obtained
before and 3 hours after the initial administration
of vitamin A immediately subsequent to the period
of deprivation in order to test the immunological
phenomena at a time when the plasma was flooded
with the vitamin.

A. M., a 33-year-old white male, was admitted to the
hospital on December 23, 1940. Except for an ankylosing
arthritis of the spine and hip joints, he was normal and
well nourished. On admission, the vitamin C in the
plasma was 0.09 mgm. per cent; the vitamin A in the
plasma was 135 U.S.P. units per 100 cc.; the carotene in
the plasma was 0.110 mgm. per cent.

A 126-day period of study was begun on January 28,
when the patient was placed on the diet deficient in vita-
min A with daily supplements of 10 mgm. thiamine chlo-
ride, 200 mgm. nicotinic acid, 30 grams of dried brewers’
yeast and 200 mgm. vitamin C. Although this diet which
was deficient in vitamin A was continued for 112 days,
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the level of vitamin A in the plasma never fell below the
values observed in normal subjects.

From the 113th to the 126th day, a daily supplement of
100,000 U.S.P. units of vitamin A in the form of a cod
liver oil concentrate was added but the fasting levels of
vitamin A in the plasma determined at weekly intervals
were not affected appreciably. However, the level of
vitamin A in the plasma determined subsequent to the
period of deprivation and 3 hours after the initial dose of
the vitamin did rise from a fasting value of 98 U.S.P.
units per 100 cc. to 405 U.S.P. units per 100 cc. Three
hours later it fell to a level of 310 U.S.P. units and was
back again to a normal value of 123 U.S.P. units after
24 hours.

On the 7th day the daily supplement of vitamin C was
reduced to 100 mgm. but, despite the fact that this amount
of ascorbic acid is known to be adequate (9), the level
of vitamin C in the plasma fell from 1.06 mgm. per cent
and by the 70th day was 0.39 mgm. per cent. On the
105th day, the daily supplement of vitamin C was in-
creased to 200 mgm. for 6 days. Although the level of
vitamin C in the plasma rose only to a value of 0.43 mgm.
per cent, the concentration in the white blood cell-platelet
layer was 22 mgm. per 100 grams. ’

The amount of carotene in the plasma fell progressively
from an initial value of 0.095 mgm. per cent to a value
of 0.025 mgm. per cent on the 126th day. This was prob-
ably due to the absence of carotene from the diet.

The patient remained well and gained 15 pounds in
weight during the study. No manifestations of a de-
ficiency in vitamin A were detected.

If the level of vitamin A in the plasma reflects
the concentration of the vitamin in the tissues, this
patient cannot be considered to have been depleted
of vitamin A. The 17-week period on the regime
deficient in vitamin A did not appreciably lower
the level of the vitamin in the plasma. Further-
more, the response, as measured by the level of
vitamin A in the plasma following the administra-
tion of 100,000 U.S.P. units of the vitamin subse-
quent to the period of deprivation, was similar to
the response observed in normal subjects after the
same dose (8). Granted that a definite deficiency
in vitamin A was not produced in this patient, the
fact remains that both during a prolonged period
of deprivation of the vitamin and during a subse-
quent period of 2 weeks when the patient was
given large doses of vitamin A daily, no note-
worthy alterations in the results of the immuno-
logical tests were observed (Figure 7). Briefly
stated, a period of 17 weeks on a diet deficient in
vitamin A had no appreciable influence on the
immunological reactions which were measured.
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DISCUSSION

The majority of studies (2) concerning the
relation of vitamin deficiencies and resistance to
infection are open to certain obvious criticisms.
In the human subject most investigations have
dealt with nutritional deficiency diseases which
are rarely, if ever, attributable to deficiency of a
single vitamin. In addition, most studies have
only extended over a brief period of time and
other dietary factors have not been adequately
controlled. Moreover, the immunological exam-
inations have usually considered but one phenom-
enon. In animal experiments, as for instance
those reporting close correlation between comple-
ment activity and vitamin C content of the blood
(18), the parallel loss in weight due to the cessa-
tion of eating has been disregarded. The plan of
the present investigation has sought to’eliminate
these objections. All patients received diets ade-
quate both in calories and essential foodstuffs; in
addition, large amounts of vitamins were given
daily excepting the specific vitamin, the influence
of which was to be determined. The observa-
tions extended over relatively long intervals; the
shortest period was 6 weeks, while the others
lasted from 14 to 26 weeks. Under these con-
ditions, repeated immunological determinations
could be made in each phase of dietary modifica-
tion and errors due to single observations were
avoided. The patients were kept in the hospital,
the diets were controlled so that all patients
gained weight and the daily supplements of vita-
min were accurately administered. Control ob-
servations of normal subjects on an average diet
were similarly conducted. The immunological
reactions studied included supposedly physiologi-
cal or natural phenomena such as complement,
lysozyme and pneumococcidal activity, together
with apparently specific immune reactions to in-
fluenza virus. Thus the influence of pronounced
and sustained shifts in the concentrations of vita-
min A or vitamin C in the blood was more likely
to be detected. These two vitamins were selected
for study because they have received the most
attention in the relation of vitamins to resistance.

Under the experimental conditions described no
consistent parallelism between the amount of vita-
min A or vitamin C in the blood and the degree
of immunological activity has been observed.
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Fluctuations in the titers of the various reactions
occurred but they varied within narrow limits
with relatively few exceptions. Nor were they
essentially different from the variations noted in
the normal controls. Only two possible correla-
tions were suggested. Examination of Figures 3,
4, 5, 6 and 7 shows that at many points the curve
representing the titer of lysozyme in the nasal
secretions tends to follow the curve representing
the level of vitamin A in the plasma. The paral-
lelism is not consistent, however, and in several
instances the two curves obviously diverge. In
the two patients subjected to prolonged depriva-
tion of vitamin C and vitamin A, respectively
(Figures 5 and 7), another feature was observed.
In the periods at the beginning and end of the
study when the vitamin levels in the blood were
normal a rather constant fluctuation in the titers
of lysozyme and virus inactivating substance in
the nasal secretions was seen but in the interval of
prolonged vitamin deprivation the fluctuations dis-
appeared and a constant level was obtained. The
data do not permit of any further comment.

In view of the reported influence of vitamin C
upon complement (15, 16), it is interesting to
note that in the cases herein reported the com-
plement titrations were rather uniform whether
the vitamin C stores were depleted or whether an
excess of vitamin C was administered. This is in
accord with acute experiments described by Spink
et al. (19). The results in general have failed to
disclose a significant effect of vitamin A or vita-
min C upon the phenomena involved in the sero-
logical tests.

The immunological tests employed in this study
represent reactions that have been found to occur
under conditions of health. Whether or not they
may serve as reliable indices of resistance to in-
fection is not certain since their rdle in the nat-
ural resistance of man has not been clearly deter-
mined. Because of the multiplicity of factors that
constitute the mechanisms of virulence, suscepti-
bility and host resistance, it is obvious that broad
conclusions cannot be drawn from the present

findings. However, the tests that were employed

were arbitrarily selected because of their diversity
and because each represents a biological phenome-
non which is either antibacterial or antiviral in
its action. They illustrate, therefore, certain
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types of immunological reactivity of the patients
under conditions of vitamin deficiency and ade-
quacy and furnish information concerning them.
Certain additional observations suggest that not
only was the immunological reactivity of the pa-
tients, as measured by the tests, unimpaired, but
that the ability of the patients to resist infection
was also intact. L. N. developed a hemolytic
streptococcal pharyngitis during the time when he
was severely depleted of vitamin C, yet the clinical
course of the infection was not remarkable and
recovery was complete despite the lack of specific
therapy. Furthermore, in this same patient the
titers of influenza virus inactivating substance in
the nasal secretions and influenza virus neutraliz-
ing antibody in the serum tended to increase during
the time when he was being depleted of vitamin C
and there was no ascorbic acid detectable in the
plasma. A. M. was repeatedly exposed to L. N.
when he had the pharyngitis, yet A. M. developed
no signs of illness despite the fact that he was on
the diet deficient in vitamin A. It is to be recalled
that J. M. developed type specific antibodies for
type two pneumococci in his serum when he was
severely depleted of vitamin C. This was pre-
sumably due to an infectious stimulus, yet no
signs of illness appeared. Only one of the pa-
tients contracted severe colds during the period of
study and he (T. O.) had two rather severe upper
respiratory infections at the time when he was
receiving large doses of vitamin A and vitamin
C daily.

It was not the purpose of the study to produce
the clinical manifestations of a deficiency either of
vitamin A or vitamin C. Severe depletion of
vitamin C was produced in each of two subjects
but a parallel deficiency in vitamin A, as measured
by the level of the vitamin in the plasma, was not
produced by a diet low in the vitamin in spite of
the fact that one patient was kept on such a diet
for 17 consecutive weeks. Apparently, the pro-
duction of a deficiency in vitamin A requires con-
siderably more time than had been allowed. This
is probably due to the fact that the stores of
vitamin A in the livers of human individuals are
considerable (20). Murrill et al. (21) kept two
normal persons on a diet deficient in vitamin A
for 39 and 42 days, respectively, but the plasma
levels of the vitamin were not significantly altered.
They concluded that the concentration of vitamin
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A in the plasma is altered only in extreme cases of
vitamin A deficiency.

It was interesting that the level of carotene in
the plasma fell significantly in each of the patients
on the diet low in vitamin A (and carotene). It
is probable that the decrease in the plasma levels
of carotene may be taken as evidence of the lim-
ited amount of available vitamin A in the diet
since carotene is the precursor of vitamin A and
is the form in which the vitamin is normally in-
gested. Murrill et al. (21) also noted a decrease
in the plasma levels of carotene in their two
patients kept on diets low in vitamin A.

SUMMARY

The influence of vitamin A and vitamin C upon
a series of immunological phenomena in human
individuals has been investigated. Each of five
patients was given a diet adequate in all factors
but for the specific vitamin, the effect of which
was to be determined. The subjects were studied
for periods of 14, 26, 20, 6 and 19 weeks, respec-
tively. Determinations of the amount of vitamin
A, carotene and vitamin C in the plasma and, in
certain instances, measurements of the concentra-
tion of vitamin C in the white blood cell-platelet
layer were made at weekly or bi-weekly intervals.
At similar intervals, observations were made on
the following immunological reactions: (1) the
capacity of the patient’s nasal secretions to inac-
tivate influenza virus; (2) the titer in the patient’s
blood serum of neutralizing antibodies for influ-
enza virus; (3) the activity of lysozyme in the
nasal secretions; (4) the titer of complement in
blood serum; and (5) the phagocytic activity for
pneumococci of polymorphonuclear neutrophilic
leukocytes in heparinized blood.

The results of the various immunological tests
were not significantly influenced by the following
conditions: (1) marked and prolonged changes in
the plasma levels of vitamin A or vitamin C or
abrupt rises in the concentration of vitamin A in
the plasma (two patients); (2) severe deficiency
in vitamin C followed by a period during which
the subjects were flooded with the vitamin (two
patients) ; (3) a period of 17 consecutive weeks
on a regime deficient in vitamin A followed by a
period of 2 weeks during which the subject re-
ceived large doses of the vitamin daily. Certain



VITAMINS A AND C IMMUNOLOGICAL REACTIONS

variations in the results of the immunological
tests occurred but these alterations were either no
more marked than those occurring in normal per-
sons or were adequately explained on some basis
other than a deficiency or sufficiency of vitamin
A or vitamin C.

The authors wish to express their appreciation of the
assistance given by Drs. Eli Bauman and Sol Sherry in
the early part of the study.
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