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Favism, with Special Reference to Iran*
G. DONOSO,1 H. HEDAYAT2 & H. KHAYATIAN 3

Fava beans (Vicia fava) are cultivated rather widely in most countries of the Eastern
Mediterranean area and provide a cheap but protein-rich food that can be eaten alone, in
various culinary preparations, including bread, or as a dietary supplement. However, the
ingestion of fava beans may induce a haemolytic disease-favism-in some susceptible
individuals and this might appear to limit the use of this pulse crop in those regions where
favism occurs frequently. The uses offava beans in Iran, the characteristics offavism and
the present state of knowledge of the pathology of the disease are reviewed in this paper.
Although some progress has been made in identifying the toxic substances and in explaining
their mode ofaction, our understanding offavism is still limited. It appears that the disease
is seen particularly in young children and is associated with a deficiency of glucose-6-
phosphate dehydrogenase (G6PD) in the blood.

There is renewed interest in the cultivation and use
of fava beans (Vicia fava) because of the possibility
of employing this pulse in the formulation of
protein-rich mixtures that can be used to correct the
low protein intake commonly observed in children of
pre-school age in many developing areas of the world.
Fava beans are generally the lowest priced of the

pulses and are produced in large quantities in most
of the countries of the Eastern Mediterranean area.
However, their use as a food supplement would seem
to be limited by an acute haemolytic disease-
favism-that the ingestion of this bean induces in
certain susceptible individuals.
The use of fava beans and the problem of favism,

both with special reference to Iran, are reviewed in
this article.

HISTORY AND USE OF FAVA

The cultivation of fava beans has been practised
since ancient times in countries of the Middle East
and of the Mediterranean basin. There are many
references to its cultivation in Egypt and in Rome.
However, under both these civilizations, fava beans
were not considered to be a food fit for the higher
classes, and their consumption was always equated
with a certain coarseness of habits, presumably
because of their proverbial flatulence-inducing
properties. In Greece, fava beans were believed to be
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a food adequate for the nourishment of people who
deployed great strength, such as athletes and
warriors, and the beans were consumed in the form of
a thick soup together with barley.

References to the cultivation of fava beans
(baghala) in Iran (Khuzistan) can be found in the
writings of Ibne Hoghal, a Persian geographer of the
10th century, but it is not certain whether this bean
was known during pre-Islamic times.4 Fava beans
form part of many traditional culinary preparations,
especially from the areas of Khuzistan, Gilan and
Mazendaran, where their cultivation is very wide-
spread.
The beans are consumed in several different ways

in various parts of Iran.

Raw
The fresh beans are peeled and eaten raw with the

addition of some salt. In this form the consumption
is rather limited in amount, the beans being used in
much the same way as nuts. Only in Gilan and
Mazendaran is fava consumed in the raw state to
any extent.

Cooked
The beans together with their pods are cooked in

boiling water for 20-30 minutes. They are peeled
before eating, and some salt or pepper or both is
generally added. In many cities and villages cooked
fava is sold by street vendors, who carry a pot of

I Nadjmabadi, M. (1965) History of broad beans in Iran.
In: First Seminar of Favism in Iran, Food and Nutrition
Institute of Iran (mimeographed report).
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boiling water and serve a portion of hot fava beans
(about 100 g) for the price of 3-5 rials (3-6 US cents).
For this purpose, fresh beans are preferred but during
the winter months dried beans are used in the same
way.

Dried

Dried beans are used in some culinary prepara-
tions when there are no fresh ones available. Two
forms of the dried product can be found in the
market: split peeled beans (Baghala poustkande) and
dried with their cuticles intact.

In culinary preparations

In Gilan and Mazendaran there are 2 main ways
in which the beans are used. (1) Baghalagatogh: the
cooked beans are prepared with boiled eggs, onions,
garlic, vegetables, oil and salt. (2) Baghala Khoresht:
the immature, green beans with their pods are cooked
with meat, onions, salt and oil. This makes a sauce
that is always eaten with rice.

In Khuzistan, Borani is prepared; the cooked
beans are mashed and a considerable amount of
pepper and garlic added and a little oil.
A national dish called Baghala-polo is simply rice

cooked (steamed) together with fava beans and some
vegetables. It should be noted that when dried
beans are used, they are first soaked in water for
24 hours.

Bread

In some parts of Iran where fava beans are
especially abundant, flour made from this pulse is
added to wheat flour and bread is prepared from the
mixture. This type of flour was frequently used
during the years of the Second World War.
Three varieties of V. fava are principally cultivated

in Iran; they are: local, Levantine (Shami) and
Algerian (Algegireli).

FAVISM

The high protein content and low price of fava
beans render them a valuable element in human diet.
The possibility of employing fava beans in the
formulation of protein-rich food mixtures has there-
fore been receiving considerable attention from food
technologists and nutritionists. However, it has been
known since ancient times that the ingestion of fava
beans can produce a fatal illness in some susceptible
individuals.

Favism is a haemolytic disease provoked by con-
tact with V. fava. It is currently held that favism
can be produced in the following ways:

(1) by eating fresh raw beans; (2) by eating fresh
cooked beans; (3) by eating cooked dried beans;
(4) by walking through a field planted with V. fava
(possibly owing to the inhalation of pollen); (5)
through mother's milk in breast-fed children.
The disease generally, but not always, starts soon,

sometimes hours later, after the exposure, with
chills, weakness and pallor. Haemoglobinuria
followed by jaundice appears in some cases as a
result of massive intravascular haemolysis and counts
of less than 1 000 000 red blood cells per mm3 can
be found. Death can occur from acute anaemia if
blood transfusions are not given in time.

It should be pointed out that favism is not always
a dramatic disease; " abortive" forms do exist and
could be widespread. A well-documented abortive
case in Shiraz, Iran, has been related by J. E. Bowman
(personal communication). A laboratory technician,
known to have a glucose-6-phosphate dehydrogenase
(G6PD) deficiency, complained of headache; upon
clinical examination a slight jaundice was noted and
a red cell count showed a slight fall. On interroga-
tion, she said that she had eaten fava beans the
previous day, but that she had been eating them all
her life without any trouble. The jaundice dis-
appeared in the next few days and her red blood
cells returned to normal.
The disease shows a marked preponderance in

children, especially under 4 years of age. It has a
male: female ratio of 3: 1 and generally shows a
marked seasonal occurrence in Iran1"2though it is
less marked in other parts of the world where the
disease occurs (Luisada, 1941).

In the pathology of favism, important knowledge
has been obtained in the last 10 years. It has been
known for some time that certain drugs, notably
primaquine, could induce haemolytic crises in certain
susceptible subjects. No immunological abnormality
was linked to this disease but some defects in the red
blood cell could be shown to exist. Glutathione
levels (reduced form; GSH) were found to be lower
in these individuals in whom, on taking the drug, the
level of GSH was found to drop considerably. A

1 Lapeysonnie, L. & Keyhan, R. (1965) Favism in the
Caspian littoral area. In: First Seminar of Favism in Iran,
Food and Nutrition Institute of Iran (mimeographed report).

2 Rasekhi, A. (1968) Favism among oil company employees'
children in Abadan. In: Proceedings of the Persian Gulf
Medical Society (mimeographed report).
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FIG. I
COUPLING OF THE PENTOSE PATHWAY TO THE

PRODUCTION OF REDUCED GLUTATHIONE
IN THE RED BLOOD CORPUSCLE
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6 - PHOSPHO - 3 - KETOGLUCONIC ACID + TPNI-H

PYRUVIC ACID

relationship between the occurrence of favism and
drug sensitivity was described by Sheba (quoted by
Szeimberg 1) in Israel and the same genetic ab-
normality was postulated in both diseases. Sansone
& Segni (1956) showed that favism, as well as drug-
sensitive haemolytic, patients had lower-than-normal
GSH levels in the erythrocytes.

Investigations carried out by Carson, Schrier &
Alving (1956) showed that red cells from primaquine-
sensitive individuals had the added defect of low
concentrations of G6PD, an enzyme of the pentose
pathway of carbohydrate metabolism. This enzyme
is responsible (Fig. 1) for the transformation of
glucose-6-phosphate into phosphogluconic acid. The
hydrogen carrier in this reaction is triphospho-
pyridine nucleotide (TPN) and in this transformation
1 molecule of reduced TPN (TPNH2) is formed.
A further molecule of this hydrogenated nucleotide
is produced through the succeeding steps of the
metabolism of phosphogluconic acid to ribulose.

It should be remembered that the red blood cells
do not contain the enzymes of the citric acid cycle
and that the only possibility of producing TPNH2
is then through the pentose shunt. TPNH2 is the
co-enzyme necessary for the reduction of the
oxidized form of glutathione (GSSG); without
TPNH2 glutathione will remain in the oxidized form.
Increased levels of oxidized glutathione in G6PD-
deficient patients have only very recently been shown
to occur (Sinvastava & Beutler, 1968). If reduced

I Szeimberg, A. (1965) Favism, drug hemolytic anemia and
glucose-6 phosphate dehydrogenase. In: First Seminar of
Favism in Iran, Food and Nutrition Institute of Iran (mimeo-
graphed report).

glutathione is necessary for the prevention of
haemolysis or the maintenance of the structure of the
red cell or both, haemolysis would follow the
depletion of TPNH2. Exactly how normal levels of
reduced glutathione prevent haemolysis is not known,
but it has been suggested that oxidizing compounds
cause haemolysis. The known role of TPNH2 in the
synthesis of lipids could account for alterations in
the membrane of the red blood cell, explaining
perhaps, an increased sensitivity to haemolysis.

Genetically, G6PD is sex-linked to the X-chromo-
some, with traits of intermediate dominance and
"variable gene expressivity ". Two genotypes of
individuals are possible in relation to G6PD in
males and 3 in females (male: X normal Y, X
altered Y; females: X normal X normal, X altered
X normal and X altered X altered). The genetic
mosaic theory could explain why widely different
enzyme activities can be found in different subjects.

There are, however, many facets of these problems
that remain obscure, even in the light of the new
knowledge described above. A number of questions
remain to be answered, including the following:

(1) Why is the haemolysis induced by V. fava so
much quicker than drug-induced haemolysis (hours
as compared with days)?

(2) Why are small children so much more sus-
ceptible to favism than adults are, and why is the
disease of a graver nature in children?

(3) Does contact with V. fava, other than eating
the beans, really induce favism?

(4) What are the active principles present in fava
beans to which certain individuals react?
The last question seems to be the most important

from the practical point of view, because by identify-
ing the active substance, we could:

(1) find out how to destroy it-cooking time,
temperature of cooking, sun-drying, special chemical
agents, etc.;

(2) develop new genetic strains of V. fava con-
taining only small amounts of the toxic substance.

FAVISM IN IRAN

Favism has been known to exist in Iran for the
past 20 years and the disease has been traditionally
linked with the intake of fava beans (Baghala) as its
vernacular name (Baghalazaleh) indicates.

Folk medicine has it that the juice from the fruit
of the wild persimmon (arbeh or khormaluvahshi)
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prevents the onset of favism; it was customary for
peasants to drink this juice before working in a
field planted with V. fava. It is also believed that
drinking fresh grape-juice, or its concentrated form
(shireh), has curative properties once the disease has
started.
Although fava beans are consumed, especially

dried, in all parts of Iran, favism seems to be frequent
only in the Caspian littoral. However, cases of
favism have been reported in Teheran, Shiraz and
Abadan. In Khuzistan, where cultivation of V. fava
is abundant, favism does not seem to be very
common. In this province, fava beans are never
eaten raw.

In the Mazendaran and Gilan areas, favism
appears to be much more common in the lowlands
than in the villages high in the Elburz mountain
chain. However, these differences in occurrence
cannot be related to the frequency of G6PD-deficien-
cy in the various populations.'
The number of cases being reported to health

authorities in Iran has been rising consistently during
the last few years. The rising incidence in the Caspian
littoral can be seen in the following tabulation
prepared from data presented by Lapeysonnie et al.
(op. cit.):

No. of cases Year

43 1958
57 1959
190 1960
201 1961
176 1962
117 1963
267 1964
1123 1965

The introduction of new varieties of V. fava could
be held responsible for this increase, but it seems
more logical to assume that the setting-up of facilities
for treating favism and the improvement of com-
munications are the more important factors in this
increase.

It is interesting to note that favism in the Caspian
littoral exhibits a very pronounced seasonal peak,
most of the cases appearing from 15 May to 15 June.
This seasonal prevalence coincides exactly with the
maturation and harvesting of the fava beans
(Lapeysonnie et al., op. cit.). Reports from Abadan
indicate also a peak incidence in April, which coin-
cides with the harvesting of fava beans.

I Amini, F., Montazami, K. & Soghrabi, A. K. (1967)
(Etiology ofanaemia in the north ofIran]. In: Proceedings ofthe
6th Annutal Medical Congress of Ramsar (mimeographed
report).

The disease is known to be more common in
children under the age of 10 years. Out of a total
663 cases reported between 1958 and 1962, only 36
occurred in individuals above 10 years of age.
Favism is most frequent in children 2-4 years of age;
although few cases in infants in the first year of life
were reported or treated, some cases in infants in the
first months of life, and still receiving only breast
milk, have been documented. Males are more
frequently affected than females according to the
statistics available, the proportion being 3: 1 or
higher (Lapeysonnie et al., op. cit.).
Numbers of deaths are low. Thus, during the

1965 outbreak only 16 fatal cases were reported out
of a total of 1143 cases (1.4%) in the northern
provinces, which is considerably lower than the
mortality rate given by Luisada (1941). Lethality
decreases with age, most fatal cases being in children
younger than 4 years of age.

Clinically, the disease appears as an anaemic shock
accompanied by haemoglobinuria and jaundice (not
present in all cases). Anuria has not been recorded;
oliguria has been noted, but does not seem to be of
consequence in the prognosis. Fever of a mild
degree is nearly always present (38.5°C); prostration,
chills and back pain can occur. The contact with
fava beans is generally reported to have been some
hours to 1½/2 days previously, although in Abadan
the common "incubation" time is 2-4 days
(Rasekhi, op. cit.).
The treatment for favism is blood transfusions in

quantities of 10 ml-20 ml per kg, after which clinical
recovery is usually obtained. Some cases of re-
currence of favism in a given subject are well
documented, but it does not seem to be frequent.

In view of the fact that genetic abnormalities have
been invoked to explain the disease, it is striking that
no familial distribution of cases has been evident to
physicians treating patients. In a study conducted
by the Food and Nutrition Institute in Babol,
Mazendaran,' fathers and mothers of patients
showed a low frequency of G6PD-deficiency. In this
same study, it was found that not all the patients
who suffer acute attacks of favism exhibited low
G6PD values. The same observation has been made
by Rasekhi (op. cit.), who has followed up some
subjects negative and low in G6PD known to have
suffered from favism. He found that after a lapse of
time the chemical determination proves these persons

' Habibi, M. & Beisassi, H. (1966) [Report on a research on
favisml, Food and Nutrition Institute of Iran (mimeo-
graphed report).
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to be deficient in G6PD. It seems, therefore, that it
is possible to find normal G6PD activity in patients
who are examined soon after the haemolytic crisis.
The distribution of G6PD deficiency in different

racial (or religious groups) was studied by Walker &
Bowman (1959) in Shiraz; they showed that 8% of
the Moslems, 0.6% of the Armenians and 0% of
Zoroastrians suffer from the defect. In Iranian
Jews, however, the deficiency seems to be related to
their geographical origin (Szeimberg, op. cit.).

TOXIC FACTORS IN FAVA AND THEIR POSSIBLE
ROLE IN DETERMINING FAVISM

The role of toxic substances in the fava bean in
causing favism has not received very much attention.
Furthermore, some of the clinical and epidemio-
logical characteristics of favism seem difficult to
explain on the basis of classical toxicity.
Many physiologically active substances have been

isolated from fava beans (Lin & Ling, 1962, p. 484),
including aminoadipic acid, carbamide, dihydroxi-
phenylalanine, kaempherol, convicine, vicine, di-
vicine, but those that have received most attention
are: (1) the glycoside vicine and its aglycone divicine;
(2) dihydroxyphenylalanine (DOPA).

Vicine and divicine
The glycoside vicine was first isolated from Vicia

sativa (vetch) by Ritthausen in 1876 but has also
been found in beet juice and in peas. Its chemical
structure was determined by Bendich & Clements
(1953) as 2,4,diamino-6-oxypyrimidine-5-(f-D-gluco-

pyranoside) (see Fig. 2). The glycoside has been
extracted from fava beans by Lin & Ling (1962,
p. 490) using 65% ethanol followed by precipitation
with mercuric sulfate. Vicine is separated as colour-
less prismatic crystals which become brown on aging.
Divicine which, chemically, is 2,4-diamino-5,6-
dihydroxypyrimidine, can be prepared from the
glycoside by acid hydrolysis. Vicine and divicine
react with the Folin-Ciocolteau phenol reagent.
The content of glycoside found by Lin & Ling

(1962, p. 484) is about 5 g per kg of fava beans.
The same authors (Lin & Ling, 1962, p. 490) have
also shown that when vicine is added to rats' diet at
a rate of 0.6 g per kg, the weight gains over a period
of 41 days are lower than those of rats in a control
group. However, the groups of rats tested by these
authors consisted only of 3 males and 3 females, all
of considerably different initial weights. The only
toxic effect, apart from a discrete lowering of the
food intake and rate of growth, was a loss of hair
in male rats that received the glycoside.
The effects of vicine were also studied in dogs

(Lin & Ling, 1962, p. 490) that were given the
glycoside orally in doses of 0.2 g per kg of body-
weight. The first 2 fractions of urine passed by the
animals showed evidence of occult haemoglobinuria.
The same authors (Lin & Ling, 1962, p. 579) have

shown that in vitro inhibition of G6PD activity
occurs to an extent of 38% when a homogenate of
normal human red blood cells is incubated with
vicine at a concentration of 5 x 10-3M. Divicine
shows no such effect. This concentration seems to
be quite high because 1 litre of the incubating

FIG. 2
ACTIVE SUBSTANCES FROM FAVA BEANS
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solution contains 1.5 g of the glycoside. For a blood
volume of 8 litres this would mean a total of 12 g
of vicine; this is the quantity present in more than
2 kg of fava beans-an improbably high intake.

f3(3,4-dihydroxyphenyl)-a-alanine (DOPA)

DOPA both in the free state (Guggenheim, 1913)
and coupled to glucose (Nagasawa et al., 1961;
Andrews & Pridham, 1965) has been found in
V. fava. The possible role of DOPA in favism has
been examined by Kossower & Kossower (1967)
who incubated normal blood and blood from
G6PD-deficient subjects with DOPA. In normal
blood there was no fall in the GSH content of
erythrocytes. There was, however, a marked de-
crease in the content of GSH in the red blood cells
of G6PD-deficient subjects.

Similar effects have been shown by Businco et al.
(1967) using an organic-solvent-extract of fava beans.
Walker & Bowman (1961), working in Shiraz, also
obtained similar results with aqueous extracts from
the beans and from the pollen and the pistils of
V. fava. The bean extract lost its effect on being
boiled (Walker & Bowman, 1960).
Kossower & Kossower (1967) point that only some

G6PD-deficient subjects are prone to favism and
that genetic factors (of an unspecified nature) can
play a role in determining the actual haemolytic
disease.
The work described above suggests the following

questions to be answered by future investigators:
(1) Does the amount of vicine, divicine, DOPA

and its glycoside change very much according to the
variety of V. fava, the time of the harvest, or other
factors ?

(2) Does the blood of G6PD-deficient subjects
react differently to these compounds if it is from a
patient prone to favism or from one who is not prone
to the disease?

(3) Is the DOPA glycoside more active than
DOPA (in the same way that vicine is more active
than divicine) ?

Legumes are known to contain different toxic
substances such as trypsin inhibitors, haemag-

glutinins (Jaffe, 1968) and cyanhydric acid (Jacob,
1967), most of which are destroyed by the heating
involved in the ordinary culinary procedures. Some
of these factors have also been identified in fava
beans, but their presence has not been systematically
explored.
The presence of haemagglutinins in fava beans

has been studied by Greggor & Gifford (1952).
These authors have reported that fava bean extracts
are capable of producing haemagglutination of
human and animal red blood cells and that this
effect can be increased 100-fold by adding gum
acacia to the medium. An interesting finding by the
same authors is that human serum inhibits this
agglutination and that this effect is contained in the
gamma-globulin fraction of the serum proteins. The
authors regret that they have not been able to test
this property of fava beans in the blood and serum
of patients suffering from favism.

Quite another problem is the traditional flatulence
induced by the consumption of beans generally and
of fava beans especially. This proverbial property
has recently been tested in rats and humans and
found to be evident and of considerable magnitude
(Kakade & Borcher, 1967; Steggerda & Dimmick,
1966). The effect, somewhat diminished by cooking,
is not due to the cellulose content of the beans and is
little affected by the administration of antibiotics.
The problem of flatus should be further studied,
because the widespread use and general acceptance
of fava and other beans as valuable foods may
be limited by this undesirable effect, especially in a
high-protein mixture intended for weaning.
The lack of correlation between the amount of

fava beans eaten and the appearance of favism (or
the production of favism by inhalation of pollen)
is mentioned by all authorities. This points to the
possibility that the disease is immunological or
allergic in origin.

Intradermal reactions with fava extracts have been
reported by Luisada (1941) while Kantor & Arbess-
man (1959) have found antibodies to fava beans in
subjects suffering from favism. These authors have
also shown that haemagglutinins to fava bean
extracts can be induced in rabbits by feeding the
animals on a fava bean diet (Kantor & Hoch, 1966).
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RI-SUMti
LE PROBLtME DU FAVISME, TEL QU'IL SE PRESENTE NOTAMMENT EN IRAN

En raison de leur forte teneur en proteines et de leur
cout peu eleve, les feves (Vicia fava) occupent une place
non n6gligeable comme denr6e de base ou d'appoint
dans l'alimentation de bon nombre de populations de
la Mediterran&e orientale. Cependant, on sait depuis
longtemps que l'ingestion de feves ou le contact avec
ces legumineuses peuvent provoquer chez les sujets sen-
sibles une maladie parfois mortelle, le favisme, liee a
une carence d'origine genetique en glucose-6-phosphate
deshydrog6nase. L'existence du favisme pourrait donc
limiter les possibilites d'emploi des feves dans l'alimen-
tation dans les regions oiu l'affection est fr6quemment
observee.

Les auteurs decrivent certaines particularites de la

consommation des feves et du favisme en Iran. Le nombre
de cas enregistres dans les regions littorales de la mer
Caspienne est en augmentation constante depuis ces
dernieres annees: de 43 en 1958, il a pass6 a 1123 en 1965.
L'affection atteint surtout les enfants de moins de 10 ans
et elle est plus frequente dans le sexe masculin que dans
le sexe feminin, le rapport etant de 3/1.
De nombreuses substances physiologiquement actives

ont ete isolees des feves, comme la vicine, la divicine et
la dihydroxyphenylalanine (DOPA). Leur toxicite et leur
r6le eventuel dans le d6clenchement des crises de favisme
n'ont et que peu etudies. En fait, malgre les progres
recents de nos connaissances, de nombreux aspects de
la pathog6nie de l'affection restent i 6lucider.
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