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Glucose-6-phosphate dehydrogenase deficiency
among ethnic groups in Iraq
LAMAN AMIN-ZAKI,1 SALMAN TAJ EL-DIN,2 & KARAMAH KUBBA 3

A total of 889 cord blood samples collected from newborn infants of both sexes and
563 samples of venous blood collectedfrom adult males in Iraq were examinedfor evidence
of glucose-6-phosphate dehydrogenase (G6PD) deficiency. The deficiency was proved to
exist in all ethnic groups in Iraq and in both adult males and infants. The overall incidence
of the deficiency was 8.9 % in the adults and 8.4 % in the infants. The difference is not
statistically significant. Evidence is given to suggest that favism (" khsaissa ") is known to
the people ofsouthern Iraq.

A number of cases of acute haemolytic anaemia
occur in children every spring in Iraq. " Baghdad
spring anaemia" was, in fact, one of the early names
given to the condition (Lederer, 1941), which is
diagnosed as favism, since the clinical manifestations
are usually identical with those caused by the
ingestion of fava beans. As in cases of favism in
other parts of the world, erythrocyte deficiency of
glucose-6-phosphate dehydrogenase (G6PD), an
enzyme that catalyses the essential oxidative step of
the pentose phosphate pathway of glucose metabo-
lism (Carson & Frischer, 1966), was found in the
cases in Iraq (Taj El-Din et al., 1963).

In Iraq there is extensive cultivation and consump-
tion of fava beans (Vicia faba). Traditionally the
beans are not only consumed fresh but are also dried
and kept for use outside the sprouting season.
Almost everyone in Iraq eats some fava beans,
either fresh or dried, several times a year. As in Iran
(Donoso, Hedayat, & Khayatian, 1969), people of
the working class buy from street vendors boiled hot
fava beans on disks of oriental bread soaked in bean
water, and peasants frequently work, and their
children play, in bean-planted fields. Exposure to
the fava bean or to the pollen of the plant is
therefore quite common.
Like most peoples of the world, the Iraqis are not

a pure race. The majority (80 %) are Arabs, but the
population has for a number of generations included

1 Head, Department of Paediatrics, Medical College,
University of Baghdad, Iraq.

'Deceased; former Professor of Paediatrics.
Medical Research Laboratory, Medical College, Uni-

versity of Baghdad, Iraq.

several other ethnic groups, some of which entered
the area as the result of various invasions. Since it
possesses a number of centres ofreligious importance,
Iraq receives every year a flow of visitors from various
parts of the world and in the course of the centuries
some of these visitors have settled permanently in
the country and mixed with the population. Inter-
marriage is more frequent in the large towns and
among Moslems, who comprise over 90% of the
population and whose faith does not prohibit
marriage with people of the same faith belonging to
other races. Most of the mixed marriages have
probably been between Arabs and Kurds, Turks, or
Persians. Minorities belonging to ethnic groups of
the ancient Semitic peoples, among them the Chal-
deans and the Assyrians, also live in the country.
Mainly because they are not of the same faith,
marriage between them and members of the other
ethnic groups is rare.
The present study was designed to discover the

incidence of the abnormal trait in Iraqi adults and
newborn infants. In the case of some minorities, too
few blood samples were examined to give a significant
idea of the incidence of G6PD deficiency; the results
have, however, been included in this paper to show
that the abnormal trait exists among them. No
distinction has been made between Arabs and non-
Moslem people of Arab ancestry.

MATERIALS AND METHODS

Source of collected blood samples
All the blood samples examined in the study were

collected in Baghdad, where it was possible to find
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Table 1. G6PD deficiency in newborn infants of some ethnic groups in Iraq

No. of samples a G6PD deficient

Ethnic group examined Males Females Total
Males Females Total No. % No. % No. %

Arab 207 191 398 19 9.1 16 8.4 35 8.75

Kurd 106 85 191 8 7.5 8 7.3 16 7.4

Turkoman 60 45 105 4 6.6 3 6.6 7 6.6

Chaldean 68 53 121 5 7.3 5 9.4 10 8.3

Assyrian 39 35 74 4 10.3 3 8.5 7 9.4

Total 480 409 889 40 8.3 35 8.5 75 8.4

a Cord blood.

representatives of different ethnic groups. Where the
parents were of different origins the ethnic group
was, for the purposes of the study, considered to
be that of the mother.
Venous blood was collected from 563 adult

males-medical students, healthy blood donors from
the Baghdad blood bank, and male patients from the
Republic Hospital, Baghdad-aged between 18 and
72 years. Cord blood was collected from newborn
infants born alive during the period of the study at
two large maternity hospitals.

Laboratory methods

The G6PD spot test described by Fairbanks &
Beutler (1962) was used in the study, and the reagent
kits used were supplied by the California Corpora-
tion for Biochemical Research, Lucerne, Switzerland.
The test, which is based on the reduction of the dye
MTT 1 by reduced triphosphopyridine nucleotide,
was later described by Beutler (1966) as being satis-
factory for screening purposes. Heparinized plastic
tubes were used to collect the blood samples. To
correct for variations in haematocrit, the blood was
either centrifuged or, more often, left to sediment
overnight at 5°C. With normal erythrocytes a strong
purple colour developed in 2 minutes. When little or
no colour developed the erythrocytes were consider-
ed as deficient in G6PD. Interpretation of the test
was made in all cases at 2 minutes since further
intensification of colour sometimes occurs after that
peri od.

1 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide.

RESULTS

Details of the findings in newborn infants of
different ethnic groups are given in Table 1. Of the
total of 889 infants, 75 (8.4%) were deficient in
G6PD. The anomaly appears to be present in all
ethnic groups, the proportion ranging from 6.6% to
9.4%. These differences are not statistically signifi-
cant. The findings in male and female newborn
infants were almost identical.

Details of the findings in adult Iraqi males aged
between 18 and 72 years are given in Table 2. The
overall deficiency rate was 8.9 %. In the Arabs, who
compose the majority of the population, it was
9.5%; the highest rate (12.9%) was found in the
Assyrian minority, and the lowest (6 %) in the
Turkoman minority. Neither the differences found

Table 2. G6PD deficiency in adult males of some
ethnic groups in Iraq

G6PD deficient
Ethnic group No. examined

No. %

Arab 282 27 9.5

Kurd 105 8 7.6

Turkoman 82 5 6.0

Chaldean 63 6 9.5

Assyrian 31 4 12.9

Total 563 50 8.9
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between the various groups nor those between adults
and newborn infants were of statistical significance.

DISCUSSION

Clinical cases of favism are observed fairly fre-
quently in all ethnic groups in Iraq and the rather
high incidence of G6PD deficiency noted in this
study (Tables 1 and 2) is compatible with the clinical
impression. The clinical syndrome in its acute form
is found only in young children. The difference in
age incidence cannot be attributed to a process of
elimination, since the prevalence of the deficiency is
quite high in Iraqi adults (Table 2) and death from
favism is rare in the cases that reach hospital and
receive blood transfusion. The explanation of this
difference is yet to be discovered.

Motulsky (1960) has suggested the theory of
selection for the G6PD deficiency gene in the
presence of endemic malaria. This theory might
explain the high incidence of G6PD deficiency in
Iraq, since malaria was present in the country, with
periods of hyperendemicity, until the 1940s. The

disease existed both in the mountains in the north
and in the plains of the centre and south of the
country, and affected the rural as well as the urban
population, including the population of the capital,
Baghdad (A. al-Halawany, personal communication,
1971). The same theory may explain the higher
incidence in adults than in newborn infants.
The high incidence of the deficiency in female

newborn infants (Table 1) is worthy of note, since
clinical cases of favism are seen mainly in males. In
a series of 68 cases analysed by Taj El-Din et al.
(1963) the male to female ratio was 7.5: 1. As the
genetic inheritance pattern of the deficiency is sex

linked and incompletely dominant, it may be assumed
that most of the females are heterozygous, since only
rare homozygous females may suffer from haemolytic
episodes (Zannos-Moriolea & Kattamis, 1961).
A comparison between the incidence of G6PD

deficiency found in Iraq in this study and the results
of studies in some countries where there is known to
be a high incidence of the deficiency is given in
Table 3. The incidence of the deficiency in Iraqi

Table 3. G6PD deficiency in some countries of the Eastern Mediterranean

G6PD
Country Population surveyed deficiency a Reference

Greece 5 156 5.6 Stamatoyannopoulos et al. (1966)
(2.4-9.0)

Turkey 105 adults (Eti-Turks) 11.4 Say et al. (1965)

Egypt 500 adult males 26.4 Ragab et al. (1966)

Lebanon 549 adult males 3.09 Taleb et al. (1964)

Iran 358 adult males (Moslems) 9.8 Walker & Bowman (1959)

Kuwait 255 adults 20.4 Shaker et al. (1966)

206 newborn infants 22.3

Saudi Arabia 306 adults 15.0 Gelpi (1965)

104 children (Al-Hasa) 24.0

104 children (Al-Ajam) 65.0

Iraq 563 adult males 8.9 present study
(7.3-12.9)

889 newborn infants 8.4
(6.7-8.85)

a Figures in parentheses show the range.
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adults appears to be very similar to that found
in countries of the Mediterranean coast where there
is little African admixture in the population. It is
comparable with the incidence of 11.4% found in
Eti-Turks (Say et al., 1965), 9.8% in Iranians
(Walker & Bowman, 1959), and 9.0% in some
communities in Greece (Stamatoyannopoulos et al.,
1966) but is significantly lower than the incidence of
26.4% found in Egyptians (Ragab et al., 1966) and
of 15.0% in Saudi Arabians (Gelpi, 1965), where the
African admixture in the population is larger.
The wide distribution of the deficiency suggests

that the gene is probably an old characteristic of the
population.

It was discovered, through a child treated for
classical favism at the Children's Welfare Hospital,
whose family had recently moved from the marsh
areas of southern Iraq, that the peasants of that part
of the country appear to know the condition, which
they call khsaissa. Since it had not been reported
previously in the medical literature, the characteris-
tics of khsaissa had to be learned by questioning
adults from the marsh areas. They were asked
(1) whether they had heard about a disease called
khsaissa; (2) what it was caused by; and (3) what its
manifestations were. The condition seemed to be
better known to the marsh dwellers than to the
middle-class people in the towns in the south. The
inquiries showed that khsaissa is the name given by
the marsh dwellers to an acute disease characterized
by rapidly developing pallor and dark urine, which
they believed to develop in children after they had
eaten qurrait, which is made from the inflorescence

of the bulrush Typha angustata. Guest (1933)
described this substance as "a yellow amorphous
substance prepared by mixing some parts of the
plant with sugar. It is sold in the markets of the
south and eaten by the people ". Qurrait or khurrait
is known in Baghdad, where children are warned
against eating it. The statements of 10 adults who
were familiar with khsaissa showed general agree-
ment that the condition occurs only in children who
have eaten qurrait, but none of those questioned was
aware of its association with fava beans or any other
foodstuff. The sudden onset of the illness and the
accompanying pallor was described by all 10 adults.
The association with dark red urine was mentioned
by 7, and rigor or a feeling of cold by 6. Jaundice
was mentioned only 4 times, vomiting 3 times,
abdominal pain 3 times, and pain in the loins twice.
Only 2 people mentioned the association of the
condition with fever.
Only 2 people said to be suffering from khsaissa

and showed the classical clinical symptoms of favism
were proved to have G6PD deficiency.

In Baghdad the existence of G6PD deficiency is
usually proved several weeks after the recovery of a
patient from the acute haemolytic process, by which
time he has returned to his village and the case is
" lost ". It would be of great interest to study more
cases locally in the marsh areas, to investigate the
association of the acute haemolytic process with
substances derived from the bulrush.
No other names for a condition suggestive of the

disease could be discovered from persons coming
from other areas of Iraq.
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R1tSUMIt
CARENCE EN GLUCOSE-6-PHOSPHATE DESHYDROGENASE DANS DES GROUPES ETHNIQUES

EN IRAK

Afin de determiner la prevalence de la carence en
glucose-6-phosphate deshydrogenase (G6PD) au sein de
la population irakienne, des 6chantillons de sang ont
e't pr6lev6s a Bagdad chez 563 adultes de sexe masculin
ages de 18 a 72 ans et, 'a partir du cordon, chez 889

nouveau-nes des deux sexes. Les sujets examines apparte-
naient a divers groupes ethniques d'Irak: Arabes, Kurdes,
Turcomans, Chald6ens et Assyriens.
Une carence en G6PD a ete decelee chez 75 (8,4%)

des enfants, la proportion des cas variant de 6,6 a 9,4%
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selon les groupes ethniques. Chez les adultes, le taux glo-
bal des carences atteignait 8,9%; il etait de 9,5% chez
les Arabes (qui forment la majorite de la population
irakienne), plus eleve parmi la minorite assyrienne
(12,9%) et le plus faible chez les Turcomans (6,0%).
On n'a releve aucune difference statistiquement signifi-

cative entre les taux constates dans les divers groupes
ou chez les enfants et les adultes.

Les auteurs examinent la signification de ces donn6es
au regard des cas de favisme (khsaissa) observes assez
fr6quemment en Irak et le r6le eventuel du paludisme
dans la prevalence de la carence en G6PD dans ce pays.
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