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SINCE the signs of riboflavin defi-
ciency in human beings have been

identified, it has become evident that
this avitaminosis is exceedingly com-
mon and that its recognition is quite
important in estimating the nutritional
state. The facial and labial lesions of
ariboflavinosis contribute largely to the
typical facies of classic pellagra and
with glossitis constitute the picture of
"pellagra sine pellagra." Stannus 1 in
1912 described ".angular stomatitis"
associated with glossitis as " pellagra
fruste." Goldberger and his collabora-
tors 2, 3 noted the labial lesions and
facial seborrhea occurring in the absence
of typical dermatitis and suspected the
influence of two distinct dietary factors
in pellagra. Many other observers have
described similar types of localized der-
matitis of the face with " perleche " and
glossitis curable with yeast.48 Moore 8
found that nicotinic acid did not cure
this syndrome but that autoclaved yeast
was effective and concluded that defi-
ciency of some other factor than nico-
tinic acid was the cause. Oscular dis-
turbances in association with sore
tongue, sore mouth, inflammation of the
nasal mucosa, and at times dermatitis
of the genitalia have been stressed by
observers in the tropics for a century.9-1

* Read before the Food and Nutrition Section of
the American Public Health Association at the Sixty-
ninth Annual Meeting in Detroit, Mich., October 8,
1940.

Moore 8, 11, 12, 18, 14 has described this
syndrome in detail; his illustrations
show that the facial and oral lesions
are typical of ariboflavinosis.

It is recognized that beriberi and
pellagra are major syndromes of B
group avitaminosis resulting from pro-
longed subtotal deficiency of the whole
B complex. The factors contributing
to the development of endemic aribofla-
vinosis are probably identical. A diet
containing a marked excess of carbo-
hydrate over the amount of vitamin
necessary for the utilization of the
energy derived from it is most impor-
tant. Defects in absorption, storage,
and utilization of the vitamins are al-
most equally effective. Increased meta-
bolic requirement in the sense of
increased derivation of energy from
carbohydrate, in the presence of a rela-
tively fixed vitamin intake, is a common
source of disease. Vomiting, diarrhea,
and edema of the gastrointestinal tract
are frequent causes of poor absorption;
hepatic disease seems to be an impor-
tant factor in failure of storage and
utilization. Unusual physical exertion,
pregnancy, fever, hyperthyroidism, al-
coholism, and therapeutic administra-
tion of large amounts of dextrose intra-
venously are common causes of increased
utilization of energy. Aside from dietary
selection, the factors which determine
the predominant avitaminosis in a given
case are often obscure.
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Thiamin, nicotinic acid, and riboflavin
are components of coenzymes essential
to the intermediate metabolism of car-
bohydrate, when any one of the three
vitamins is exhausted from failure of
replacement, or possibly when there is
a marked failure of balanced intake of
the three, a complex disturbance of
carbohydrate metabolism results. In
addition to coenzyme activity at vari-
ous stages of the dehydrogenation of
hexoses, riboflavin is the active fraction
of the yellow respiratory ferment of
Warburg. The processes of intracellu-
lar respiration are dependent on it and
it is thought to be ubiquitous in living
cells. Because of its multiple functions
it is not surprising that deficiency of
riboflavin should be frequent and that
the manifestations of deficiency should
be varied. There is evidence that other
vitamins of the B group have a definite
influence on the utilization of riboflavin.
Very frequently the administration of
large amounts of nicotinic acid to pel-
lagrins maintained on an inadequate
diet causes the rapid development of
signs of ariboflavinosis after the cure
of typical pellagrous glossitis and der-
matitis.15 This phenomenon suggests
that the biochemical activity of- nicotinic
acid involves the utilization of ribo-
flavin, there being as yet no clinical evi-
dence that the converse is true. In
certain cases of ariboflavinosis, treat-
ment with riboflavin produces only par-
tial cure of cheilosis and superficial
vascular keratitis, the addition of vita-
min B6 causes rapid completion of
healing.'6 In other instances cure of
cheilosis typical of riboflavin deficiency
has been brought about by the admin-
istration of vitamin B6 alone.17 There
is reason to believe that vitamin B6
mobilizes riboflavin from storage or dis-
sociates it from some combination
which is not physiologically active.'6
Pantothenic acid may have a similar
action.'6' 18

Almost nothing is known of the

pathology of ariboflavinosis. Lesions of
the skin and mucous membranes may
be due to local disturbances of cellular
nutrition and respiration. Changes in
the eyes are best explained as compensa-
tory phenomena to local cellular anox-
emia. Bessey and Wolbach 19 suspected
that vascularization of the cornea was
such a response, they suggested that the
normal respiration of the avascular
corneal tissues depends on the transport
of oxygen from the epithelium to the
deeper layers by riboflavin. In the ab-
sence of an adequate supply of the
vitamin in the cells of the cornea,
anoxemia results and capillaries invade
the tissues to supply oxygen directly
from erythrocytes. It is likely that
there is etiological as well as apparent
similarity between the fatty infiltration
of the liver which occurs in animals
deprived of riboflavin and the fatty liver
of fatal pellagra.Y0 21 Anemia is much
less frequent in ariboflavinosis than in
pellagra and there is no anemia from
lack of the vitamin when the diet con-
tains an adequate amount of iron.22
Gastric achlorhydria has been present
in approximately 50 per cent of person-
ally observed instances of ariboflavinosis
but apparently has not the direct rela-
tion to this syndrome that it has to
endemic pellagra. It may have much
influence on the riboflavin requirement
of the individual and on the tendency
to relapse.

SYMPTOMS AND SIGNS OF RIBOFLAVIN
DEFICIENCY

The symptoms of riboflavin deficiency
are numerous and many are common
to all avitaminoses. Nervousness, irrita-
bility, anorexia, gastric discomfort, and
ready fatigue are entirely nonspecific
and probably are the result of multiple
deficiencies. Soreness of the lips and
tongue and dysphagia from tenderness
of the tongue and fauces are charac-
teristic. There is not the sensitiveness
to hot or highly seasoned food that is

345Vol. 31



AMERICAN JOURNAL OF PUBLIC HEALTH

present in nicotinic acid deficiency, nor
is there the severe dysphagia due to
esophagitis. Pruritus of the vulva or
scrotum may be present. In more than
half the cases of ariboflavinosis which
we have observed, ocular symptoms
have preceded any others, they have
been present at some time in over 90
per cent. Photophobia, burning and
itching of the eyes, a sensation of eye-
strain or rapid visual fatigue, poor
distant vision and blurred vision in poor
light or twilight are specific symptoms.
Occurring in the absence of gross refrac-
tive error or conjunctival infection,
they are highly suggestive of ariboflavi-
nosis. The similarity of these complaints
to those occurring in vitamin A defi-
ciency has led to much confusion in
their interpretation.23' 24
The physical signs of ariboflavinosis

are specific and there is a rich experi-
mental background for their correlation
with lesions produced in various species
of animals. No observer had separated
them from the syndrome of endemic
pellagra prior to the report of Sebrell
and Butler 25 on the lesions occurring
in a group of patients maintained on an
experimental diet exceedingly poor in
riboflavin but well supplemented with
other vitamins. Under the conditions of
their experiment the first sign to appear
was cheilosis. There was maceration at
the commissures of the lips with redness
and some desquamation of the lips
along the line of closure. Redness
spread to the buccal surfaces of the lips,
fissures developed at the commissures.
Mild seborrheic dermatitis occurred in
the nasolabial folds, on the alae nasi,
and occasionally on the ears and eyelids.
Later observations have shown that
fissures of the commissures of the eye-
lids may develop, and that indolent
ulcerations of the nasal septum are not
infrequent, fissures sometimes occur on
either side of the septum at the nasal
orifices. The secretion of the sebaceous
glands of the face seems to be altered

so that inspissated, almost hair-like
comedones are apt to develop over the
forehead, malar eminences, nose and
chin-this " shark-skin eruption" fre-
quently has been emphasized in the
description of classic pellagra. The
tongue becomes clean, the papillae flat-
tened or mushroom-shaped rather than
atrophic as in nicotinic acid deficiency..
The color of the tongue is characteristic,.
the normal pink is replaced by a
purplish-red or magenta quite different
from the scarlet of nicotinic acid defi-
ciency.26' 27 The color and texture of
the tongue are important in differenti-
ating ariboflavinosis from nicotinic acid
deficiency. In addition to localized
seborrheic lesions of the face and ears,
generalized seborrheic dermatitis may
be a manifestation of riboflavin defi-
ciency; we have seen 4 patients in
whom extensive seborrhea healed with-
out local treatment during the admin-
istration of riboflavin for the cure of
coincident specific oral and ocular
lesions. More rarely dry, brown, itching
dermatitis of the hands and scrotum or
vulva present in patients with typical
cheilosis and glossitis has healed during
treatment instituted for typical signs of
riboflavin deficiency. The specific na-
ture of such dermatoses is yet to be
determined.

OCULAR MANIFESTATIONS
The ocular manifestations of ribo-

flavin deficiency are of special interest
and importance. There have been many
references to the occurrence of visual
disturbances in association with signs
now known to be due to ariboflavinosis.
Time does not permit discussion of the
extensive experimental work of Day and
his collaborators,28-33 of O'Brien,34 and
others. For years it has been known
that so-called ophthalmia as well as
cataract could be produced in rats by
a diet deficient in the heat stable frac-
tion of yeast. Bessey and Wolbach19
first used the slit lamp to study the
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progress of ocular changes in rats de-
prived of riboflavin, and followed their
observations during life with india-ink
injection and histological examination
post-mortem. They found that super-

ficial vascularization of the cornea was

the earliest sign of riboflavin deficiency.
As avitaminosis progressed, superficial
and interstitial nebulae developed in
the cornea, later there was invasion of
the deeper layers by newly formed
capillaries until extensive vascular net-
works were produced. The process
could be arrested at any time by the
administration of riboflavin, new ves-

sels rapidly became empty of blood but
remained visible for many months.
These observations were confirmed in
all essential details by the almost simul-
taneous report of Eckardt and John-
son.35 The majority of clinical students
of nutritional disease have been im-
pressed with the prevalence of ocular
complaints in patients presenting evi-
dence of B group vitamin deficiency.
Reference has been made to numerous

observers in the tropics. Spies, Vilter,
and Ashe 23 noted histories of visual
impairment or burning of the eyes

associated with conjunctivitis or mydri-
asis in 70 per cent of their patients.
Spies studied a group of 50 patients
with ocular complaints.24 While these
observers were inclined to attribute the
symptoms and signs to vitamin A defi-
ciency, they noted that a number of
patients were relieved by the adminis-
tration of riboflavin. Pock-Steen 36 gave

an accurate description of ocular symp-

toms occurring in a rather large group
of patients with sprue. This author
suspected that they might be due to
riboflavin deficiency and was able to
secure rapid cure with small amounts
of the vitamin in over 90 per cent of
cases.

During the past year and a half our

group has paid special attention to the
ocular complaints of patients with oral
signs of ariboflavinosis and to the ex-

amination with a slit lamp of their eyes
at various stages in the development of
mouth and skin lesions, as well as dur-
ing periods of treatment. Many of these
individuals were allowed to relapse after
cure had been effected with riboflavin.
Corneal vascularization was found to be
constantly present when other signs of
ariboflavinosis could be recognized ex-
cept in a few patients with marked
arcus senilis. All grades of vasculariza-
tion were observed, and it seems possible
to reconstruct the whole sequence of
events from the many fragments of the
picture. At the same time we studied
the eyes of a group of apparently nor-
mal persons who complained only of
visual disturbances, particularly photo-
phobia, ocular fatigue, and dim vision
not improved by correction of refrac-
tive errors. Among these were seen the
earliest stages of corneal vasculariza-
tion as well as several well advanced
instances of keratitis. Mydriasis and
defects of accommodation were com-
mon in this group and probably con-
tributed to the symptoms of photo-
phobia and poor distant vision.27' 37
The earliest and most frequent sign

of ariboflavinosis is slight circumcorneal
congestion, frequently visible with a
hand lens or ophthalmoscope before it
can be seen by the unaided eye. In such
cases the slit lamp shows proliferation
and marked congestion of the limbic
plexus; there are many newly formed
capillaries which obliterate the normal
avascular zone between the plexus and
the sclero-corneal junction. Each scleral
digitation is apt to be outlined by capil-
laries which form a more or less com-
plete arcade but do not yet encroach
on the cornea. Within a few days,
sometimes only one or two, empty capil-
laries can be seen sprouting from the
apices of the loops of the limbic arcade;
these " sprouts" lie just beneath the
epithelium and grow centripetally; in
from 2 to 4 days clumps of red blood
cells circulate through them making
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irregular, jerky progress; at this stage
the deeper efferent limb of the loop
cannot be clearly seen. Such vessels
tend to grow rapidly and form anasto-
moses with adjacent capillaries to form
a secondary arcade lying within the
cornea. From this, secondary capillary
sprouts develop and grow centripetally,
anastomosing freely until an extensive
superficial plexus is formed which may
cover the peripheral two-thirds of the
cornea. Much later, deeper vessels,
which invade the substantia propria at
all levels, spring from the limbic plexus,
and eventually a scanty posterior plexus
may be formed which lies just proximal
to Descemet's membrane. It seems char-
acteristic of the keratitis of ariboflavi-
nosis that vascularization is predomi-
nantly anterior. In long standing cases
which have undergone repeated relapses,
very extensive corneal vascularization
may be seen with large vessels at all
levels, but a posterior plexus is never
prominent. Early in some cases, but
usually after prolonged deficiency, dif-
fuse nebulae develop at various levels;
quite frequently there are fine super-
ficial punctate opacities. A few patients
with extensive vascularization had large
scars, almost certainly the result of
corneal ulcers.
The response of nutritional keratitis

to treatment has been prompt and often
spectacular. The stage of congestion
and proliferation of the limbic plexus
was identified as a sign of deficiency
only after the plexus had been seen to
return to a normal state after the ad-
ministration of riboflavin. Depending
on the extent of vascularization and the
size of the vessels present, it may re-
quire from 2 to 10 days for occlusion
to occur. Large vessels, the result of
very chronic deficiency or complicating
corneal ulcers, may never become oc-
cluded. The first evidence of healing is
interruption of the columns of blood in
the capillaries producing a " beaded "
appearance; 2 or 3 days later the vessels

are empty or contain scattered clumps
of red cells which are stationary and
eventually disintegrate. The empty ves-
sels remain visible for at least a year.
Nebulae resolve slowly, often requiring
3 weeks for absorption.

Recently Johnson and Eckardt38 re-
ported the cure of rosacea keratitis in
32 of 36 patients treated with riboflavin;
in 9 cases cutaneous rosacea was also
present. These authors did not men-
tion the incidence of oral lesions of
ariboflavinosis but did note the simi-
larity of the corneal vascularization to
that observed in rats with experimental
riboflavin deficiency. It is quite likely
that the syndrome designated " rosacea"
by dermatologists and ophthalmologists
would be called ariboflavinosis by an ob-
server interested in nutritional disease.

Iritis has been seen in 5 instances
where keratitis and cheilosis were pres-
ent, in each case iritis subsided during
treatment with riboflavin. Accumula-
tions of pigment, probably of pigment
bearing wandering cells, on the anterior
surface of the iris was observed in 24
of our patients. On grey irises this pig-
ment occurred in irregular clumps which
we cannot distinguish from " hazel
spots "; brown irises have a shaggy,
smoothed-out appearance due to veiling
of the normal architecture. Such pig-
mentation was recognized as abnormal
only after it was seen to disappear
during treatment.
The amount of riboflavin required for

satisfactory treatment in any case is
conditioned by the adequacy of the diet
which can be furnished and by the
ability of the patient to extract dietary
riboflavin from food sources. Under ex-
perimental conditions with a diet ex-
tremely poor in the vitamin, 5 mg.*
daily has been the average dose required

* Riboflavin employed in our investigations has
been the pure crystalline synthetic vitamin furnished
by Merck & Co., E. R. Squibb & Sons, and the
Winthrop Chemical Co. Riboflavin-sodium for
injection was furnished by Merck & Co.
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for rapid cure, in the presence of
diarrhea, irreversible gastric achlorhy-
dria or severe hepatic disease, 10 or
even 15 mg. a day may be required
when given by mouth. Under uncon-
trolled conditions with a tolerably ade-
quate diet, 3 mg. daily is adequate for
cure and maintenance of the great ma-
jority of patients. In extremely depleted
patients with polyavitaminosis of severe
grade, 10 mg. daily of riboflavin-sodium
given intravenously is not an excessive
amount.

It is almost superfluous to say that
dietary treatment should never be neg-
lected. Ariboflavinosis is the syndrome
of " pellagra sine pellagra " and though
the distinctive manifestations may be
those of riboflavin deficiency alone, B
group deficiency probably exists in
every instance. Dietary habits, eco-
nomic stress, or coincident disturbance
of the gastrointestinal apparatus may
determine the predominant avitaminosis.
When it can be administered and

digested, the usual 60 to 90 gm. daily
ration of yeast curative for pellagra
contains ample amounts of riboflavin as
well as the other vitamins needed for
adequate nutrition. It is doubtful
whether riboflavin should be given over
long periods without making sure that
other members of the B group are sup-
plied by food, by yeast or the pure
vitamins.
The recognition of ariboflavinosis as

a syndrome is of much interest, it is of
even more importance. Early corneal
vascularization is visible with a slit
lamp before any gross signs such as
cheilosis or glossitis have developed.
This method of examination is probably
the most delicate test available for de-
ficiency of the B group of vitamins.

SUMMARY
Since the signs of " pellagra sine

pellagra " have been shown to be due to
deficiency of riboflavin in the diet, it
bas become possible to correlate many

observations on nutritional disease which
have seemed contradictory. Ariboflavi-
nosis, like pellagra and beriberi, is a
manifestation of B group avitaminosis.
The specific signs probably result from
a complex disturbance of the coenzyme
functions of the B vitamins as a group,
to which is added failure of the activity
of riboflavin in intracellular oxidation.

Riboflavin deficiency is characterized
by photophobia and dimness of vision
at a distance and in dim light; cheilosis,
seborrheic lesions about the ears and
nose, and a specific sort of glossitis.
Examination of the eyes may show
mydriasis and defects of accommoda-
tion. The earliest and most constant
finding is a superficial vascularization
of the cornea. This may progress to
severe interstitial keratitis. Therapeutic
tests have shown that rosacea keratitis
also is due to deficiency of riboflavin.
A few patients with syphilitic keratitis
have shown remarkable improvement
during the administration of this
vitamin.

Recognition of the early ocular signs
of riboflavin deficiency offers an easy
method of identifying B group avita-
minosis at a stage when no gross signs
are present.
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