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INTRODUCTION

IN any institution, where large numbers of people are supplied with food from
central kitchens, the diet usually contains only small amounts of vitamin C.
Destruction of this vitamin takes place during overcooking and the reheating
of the food while it is awaiting distribution. Fresh fruit and vegetables are
rarely supplied.

Crandon, Lund & Dill (1940) concluded that the maximal utilization of
vitamin C lies between 30 and 45 mg. daily. Their figures were derived from a
study of experimental human scurvy. The 'minimal-optimum' intake of
vitamin C for  adults  has been computed at  25 mg.  a  day per  10 stones of
body weight, and this results in an excretion of 13–15 mg. a day (Abbasy,
Harris, Ray & Marrack, 1935; Harris & Abbasy, 1937). The 'minimal-optimum'
intake is based on the amount found necessary to prevent a tendency to
increased capillary fragility (Gothlin, 1937). Fox (1941) reviewed the results
of the experiments of Fox, Dangerfield, Gottlich & Jokl (1940), Crandon et al.
(1940) and Kellie & Zilva (1939), and concluded that remarkably good health
can be maintained on 15 mg. of vitamin C daily, but he remarked on the
precarious nature of such meagre supplies.

Certainly large numbers of people live on a diet containing less than the
'minimal-optimum' intake, without apparent ill effect. Investigations by
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14 Effect of vitamin C on health
The diet in the Sick Quarters was basically similar to that of the healthy

boys. It was modified, of course, to suit the needs of the sick, but was prepared
in the central kitchens and suffered an equally drastic loss of its vitamin C.
When a student from the experimental division fell ill and was admitted to
Sick Quarters, his dosage of ascorbic acid was continued there.

In a period of 6 months the average number of days spent in the sick room
per boy due to infective conditions was 2.5 in the vitamin-C treated division,
and 4.98 in the control division. In a period of 6 weeks, within the period
of 6 months, the corresponding figures among the recruits were 3.2 in the
vitamin-C treated group, and 4.0 in the control group.

It would appear that the saturation with vitamin C probably had some
effect on duration of illnesses, and accordingly an analysis was made of this.

Days ill with common cold
In the vitamin C classes fifty-nine of the seventy-two cases (81.9%) were

treated in the Sick Quarters, and the average period of stay was 6.32 days.
Among the controls 253 cases out of 286 (88.5 %) were treated in the

Sick Quarters, and the average period of stay was 6.4 days.
There was, therefore, no difference in the two groups either in incidence

or duration of illness of common cold, and there was no difference in the
proportion of total cases admitted to hospital.

Days ill with tonsillitis
The results are shown in Table 3.

Table 3. Duration of attack of tonsillitis

An analysis showed that a difference as great or greater than that obtained
would be expected once in fifty times in a homogeneous population.

Analysis of the more severe illnesses
It has been shown that youths on vitamin C spent 2.5 days in hospital

due to infective conditions as compared with 4.98 in the control group. No
conclusions were drawn from this observation, and it has been shown above
that some of this difference was due to the duration of illness of tonsillitis in
the two groups.

Some of this difference, however, was due to the occurrence of acute
rheumatism and pneumonia in the control group with no case of either
disease in the vitamin C-treated group.
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There were seventeen cases of pneumonia and sixteen cases of acute

rheumatism among 1100 controls, and no case of either disease among
335 youths having vitamin C. It would appear that the vitamin C exerted
a considerable effect on the prevention of these two diseases. Of the sixteen
cases of acute rheumatism, eleven were primary attacks, while five were
recurrences.

The incidence of the diseases in the various divisions of the institution is
shown in Table 4.

Table 4. Incidence of pneumonia and rheumatism in the various
divisions of the institution

Thus, the most marked effect of the vitamin C was to reduce the incidence
of two severe illnesses.

Analysis  shows  that  a  difference  as  great  or  greater  than  this  would  be
expected once in fifty times in a homogeneous population.

DISCUSSION

In a large institution there was a marked difference between the degree
of vitamin C saturation of the students and the teaching staff as determined
by a simple 'test-dose' method. The students were given a high calorie diet,
which was subjected to prolonged heating. This overcooking resulted in a
reduction of the total daily vitamin C intake to a level of 10–15 mg. per head.
A daily addition of 50 mg. of ascorbic acid per head was required to maintain
an optimal excretion level.

Better management of the food distribution and cooking arrangements
might have achieved this result. The potato ration alone, allowing for normal
cooking losses, should have supplied at least 25 mg. of vitamin C daily.

Some vitamin loss, of course, is unavoidable when food is cooked for
communities in central kitchens. Normally, this can easily be countered
by the supply of uncooked fresh or canned foods. In this case, for instance,
the reduction of the diet from 4000 cal. to the more reasonable level of
3000 cal. per day, would at this time (1938) have probably offset the cost of
an orange a day.

The dietary of the teaching staff included the supply of fresh fruit at each
of the main meals. It was prepared in separate kitchens and escaped the
overcooking. Nevertheless, judging from a single 'test-dose', 25% of the staff
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were 'deficient' in vitamin C, in spite of their adequate intake. Harrison,
Mourane & Wormall (1938) similarly found that the method indicated a
'deficiency' in 25 % of medical students. The single 'test-dose' is not, of course,
a reliable measure when applied to individuals.

The surprisingly large amount of 4000 mg. of vitamin C was required to
produce tissue saturation of the youths. Attention has been drawn to the
possibilities of experimental error, and many of the factors which increase
utilization were present.

The subjects were adolescents. Infections were very common in the
institution, and there had been a very severe epidemic of tonsillitis during
the preceding session. The experiments were carried out during the winter
months. Physical training and games occupied much of the day, and it was
found that youths at rest in bed required approximately half the quantity of
vitamin C, i.e. 2000 mg., to produce full saturation.

A special group of boys exhibited a mild gingivo-stomatitis, considered to
be probably a scorbutic manifestation. Their saturation curve, however, was
very similar to that of the other groups. The clinical appearance of this
gingivo-stomatitis has been described (Roff & Glazebrook, 1939, 1940). It
proved resistant to ordinary methods of dental treatment, and responded only
to vitamin C saturation. It would appear that, under exactly similar con-
ditions of suboptimal vitamin C intake, a gingivitis occurs in only a proportion
of the cases. This, of course, was known to Lind (1772), who wrote: 'In Haslar
Hospital the appearances of the disease [scurvy] were various—the gums were
not always affected.'

No differences in the incidences of common cold and tonsillitis were found
in two groups of boys, one of which received large doses of vitamin C. It was
found, however, that the average duration of illness of the cases of tonsillitis
in the control group was much longer than in the vitamin C-treated group.
No such difference was found in the cases of common cold.

The period of treatment of cases of tonsillitis and common cold in the
Sick Quarters was completely outside our control, and no biased attitudes
influenced these durations from which we have drawn our conclusions.

In addition, there were seventeen cases of pneumonia and sixteen cases of
rheumatic  fever  in  the  control  group,  with  no  case  of  either  disease  in  the
vitamin C-treated group. These cases were subjected to special investigations
by us (X-rays, etc.) to establish certain criteria for the diagnosis. There was,
however, in our opinion a relationship between these conditions.

Rheumatic 'pneumonitis' is a condition which is now recognized to occur
not infrequently as a complication of rheumatic fever. The post-mortem
appearance and pathology of this pneumonitis have been demonstrated by
Hadfield (1938).

In the institution a type of low-grade basal lung consolidation or 'pneu-
monitis'  occurred,  and  appeared  to  be  related  both  to  rheumatism  and
vitamin C deficiency. It was characterized on the one hand by its tendency
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to progress into rheumatism, and on the other hand by its rapid disappearance
when treated with ascorbic acid. This pneumonitis, apart from a vague picture
of il l health, gave little clinical evidence of its presence, but it probably
predisposed towards the development of acute pneumonia.

It is agreed that cases of rheumatic fever almost invariably give a history of
upper respiratory tract infection, usually some 2 weeks previously. Such an
infection depletes the reserves of vitamin C, more especially in those
individuals whose intake is already at a low and precarious level. When the
vitamin C reserves have fallen, it may be that the reaction of the body to an
infection with the haemolytic streptococcus is altered. This may help to
determine the onset of the syndrome of rheumatism in some cases, even
although vitamin C has no specific action upon the established disease. In
some cases of pneumonia, too, a similar train of events may occur, and there
is much evidence that vitamin C does assist recovery.

Certainly, protracted mild deficiencies of vitamin C produce bone and
cartilage changes, the histological and skiagraphical appearances of which have
been accurately described (Park, Guild, Jackson & Bond, 1935; Wolbach
& Howe, 1926). Ham & Elliott (1936) showed that the epiphyseal changes
occurred when the vitamin C intake was sufficient to prevent scurvy although
less than the basic requirements. These changes are marked during the period
of growth. Under similar circumstances Mouriquand & Edel (1940) have
demonstrated osteophytic formation. Rinehart & Mettier (1933, 1934)
produced lesions simulating rheumatism in the myocardium of guinea-pigs
fed on a scorbutic diet. Wolbach (1936) showed the presence of vitamin C to
be essential for the formation of collagen. Swelling of the collagen is the
earliest pathological change in rheumatism.

The calcium and vitamin B content of the dietary of the institution could
perhaps be criticized, but the only outstanding deficiency, according to modern
standards,  was in vitamin C.  As far  as  this  one factor  was concerned,  the
boys were almost certainly worse off, subsisting on the institution diet, than
they would have been at home.

SUMMARY

1. The vitamin C in the dietary of an institution was largely destroyed
by the methods of cooking and distribution.

2. Some 50 mg. of ascorbic acid per head per day were required to be
added to the diet to produce an optimum excretion level.

3. Large doses of ascorbic acid were given to a group of adolescents in
the institution over a period of several months.   A record was kept of the
incidences of infectious diseases in this treated group and in the remainder
(controls). The following conclusions were reached:

(a) The incidences of common cold and tonsillitis were the same in the
two groups.
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18 Effect of vitamin C on health
(b) The average duration of illness due to the common cold was the same

in the two groups.
(c) The duration of illness of tonsillitis was longer in the control group

than in the test group.
(d) Cases of rheumatic fever and pneumonia occurred in the control group

but no case of either disease occurred in the test group.
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