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Abstract We conducted a survey of malaria diagnoses
and treatments in remote areas of Myanmar. Blood
specimens from more than 1,000 people were collected
by the finger-prick method, and 121 (11%) of these
people were found to be glucose-6-phosphate dehydro-
genase (G6PD) deficient. Of these 121, 50 consented
to analysis of the G6PD genome. We read the G6PD
sequences of these subjects and found 45 cases of G6PD
Mahidol (487G>A), two of G6PD Coimbra (592C>T),
two of G6PD Union (1360C>T), and one of G6PD
Canton (1376G>T). Taken together with data from our
previous report, 91.3% (73/80) of G6PD variants were
G6PDMahidol. This finding suggests that the Myanmar
population is derived from homogeneous ancestries
and are different from Thai, Malaysian, and Indonesian
populations.
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Introduction

Glucose-6-phosphate dehydrogenase (G6PD) deficiency
is one of the most frequent hereditary abnormalities.
The G6PD gene exists on the X chromosome distributed
in 13 exons (Chen et al. 1991). Almost all G6PD defi-
ciencies are caused by one amino acid change caused by
a point mutation of the genomic DNA, and more than
100 molecular variants of the G6PD genotype have been
identified (Fujii and Miwa 1998).

We introduced the rapid diagnosis method for
malaria (Kawamoto and Billingsley 1992), a disease that
kills more than 2,000,000 people worldwide annually.
We also introduced the G6PD deficiency test (Hirono
et al. 1998) in malaria endemic areas. Using these
methods, patients are notified of the results of blood
examination within 60 min and are able to receive
antimalarial medicine including primaquine (Tantular
et al. 1999). Primaquine can kill gametocytes, the sexual
stage of malaria parasites, which are the cause of
malaria transmission to mosquitoes. However, when
G6PD-deficient persons take primaquine, a hemolytic
attack can occur. Without G6PD, erythrocytes cannot
prepare a sufficient amount of reduced pyridine nucle-
otide and reduced glutathione and cannot prevent oxi-
dant attack by primaquine. Thus, primaquine should
not be administered to malaria patients before con-
firming their G6PD activity.

We visited malaria endemic areas in Asian countries
to introduce rapid methods of malaria diagnosis and
G6PD test. By these activities, we have rediscovered
two types of human malaria, Plasmodium minuta- and
P. tenue-like parasites (Kawamoto et al. 2002), and also
described ten G6PD variants including one new variant,
G6PD Surabaya (1291G>A, V431M) (Iwai et al. 2001).
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In Myanmar, we previously reported that G6PD Mah-
idol (487G>A, G163S) was the main variant because we
found 28 cases of G6PD Mahidol, one of G6PD Union
(1360C>T, R454C), and one of G6PD Canton
(1376G>T, R459L) among 30 cases of G6PD-deficient
subjects (Iwai et al. 2001). Over the past 5 years, we have
continued this work in other areas of Myanmar. We
improved the G6PD activity test because a better
hydrogen carrier was developed with a new substrate,
WST-8 (Tantular and Kawamoto 2003). L-Methoxy
phenazine methosulfate, the new hydrogen carrier, is
more photoresistant than phenazine methosulfate and
can be used under normal light conditions. Moreover,
the reaction of G6PD activity can be stopped by adding
hydrochloride. Now we can detect not only complete
G6PD deficiency but also partial G6PD deficiency (fe-
male heterozygote). After these developments, we were
able to identify G6PD-deficient persons more easily
(Jalloh et al. 2004) and have collected more information
on G6PD variants in the Myanmar population.

Materials and methods

Between 1999 and 2003, we visited 16 sites in five divi-
sions/states in Myanmar. They were the Mandalay
Malaria Centre and three villages in Mandalay division;
Sagain Malaria Centre, one health center, and one
school in Sagaing division; three villages in Sittwe dis-
trict; two villages in Thandwe district in Rakheine state;
Yangon Malaria Centre in Yangon City; and three vil-
lages in Kaw Thaung disrict in Tanintharyi division. A
small test unit was opened at each site, and local staff
announced to the residents that we would perform rapid
on-site examinations for malaria and G6PD activity. We
examined about 100 people per day.

People were first registered by name, age, gender, and
ethnicity. Next, three drops of blood were collected from
the fingertip: one for malaria diagnosis, one for hemo-
globin concentration, and one for G6PD test. Malaria
was diagnosed by Acridine orange staining methods
(Kawamoto and Billingsley 1992), and hemoglobin
concentration was measured using a battery-powered
HemoCue machine (Angelhorm, Sweden). Between 1999
and 2001, we used Hirono’s method of detecting G6PD
deficiency (Hirono et al. 1998). Between 2002 and 2003,
we used a new diagnostic method (Tantular and Ka-
wamoto 2003). Both methods gave the results of G6PD
activity 30 min after taking blood.

When malaria patients were found and if their G6PD
activity was normal, we gave them chloroquine and
primaquine. If G6PD activity of the malaria patients
was low, we gave them only chloroquine (Matsuoka
et al. 1987). When we found a person whose G6PD
activity was low, we asked the person if we could take
0.2 ml of venous blood to read the G6PD genome. We
explained the purpose of the investigation and received
informed consent. Blood samples collected were stored
at 4�C and brought back to Japan, and G6PD activity

was confirmed by another G6PD test developed by Fujii
et al. (1984). Then the DNA sequence of G6PD was
identified. Since genomic G6PD consists of 13 exons, we
prepared primers for each exon (Hirono et al. 1994),
amplified the exon by PCR, and read the DNA sequence
(ABI PRISM 310; PE Biosystems, CT, USA). Both
strands of each exon were sequenced. This study was
approved by the Department of Health, Myanmar, and
the ethical committees of Jichi Medical School.

Results and discussion

We surveyed malaria diagnosis and treatment in remote
areas of Myanmar. Blood samples from more than 1,000
people were collected by the finger-prick method at 16
sites in five divisions/states (Fig. 1). Among those tested,
we found more than 200 malaria cases and 121 cases of
G6PD deficiency. These results are described elsewhere
(Jalloh et al. 2004). During these activities, we received
informed consent from 50 persons to analyze their

Fig. 1 Distribution of glucose-6-phosphate dehydrogenase (G6PD)
variants in Myanmar. Each number indicates the number of
G6PD-deficient cases confirmed by sequence analysis. Numbers in
parentheses are from our previous report (Iwai et al. 2001)
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G6PD genome. We read G6PD and found 45 cases
(90.0%) of G6PD Mahidol (487G>A) (Fig. 2), two of
G6PD Coimbra (592C>T), two of G6PD Union
(1360C>T), and one of G6PD Canton (1376G>T).
Taken together with data from our previous report (Iwai
et al. 2001), 91.3% (73/80) of G6PD variants were
G6PD Mahidol (Table 1).

The Rakheine people, living on the west coast of
Myanmar, are relatively isolated from the other people
in Myanmar. We had a chance this time to research the
Rakheine people because they lived in malaria endemic
areas and agreed to be examined for malaria infection.
We expected a unique G6PD variant from the Rakheine
people; however, all deficiency patterns were G6PD
Mahidol (14/14) (Table 1).

In Thailand, G6PD Viangchan (871G>A) was the
most common deficiency variant in the Thai population
(Nuchprayoon et al. 2002). In that study, 21 cases of
G6PD Viangchan (67.7%) were found among 31 cases
of G6PD deficiency, while G6PD Mahidol comprised
only 9.7% (3/31). Ainoon et al. (2003) demonstrated
nine G6PD variants among 84 cases of G6PD deficiency
in Malaysian Malays. The main variants were G6PD
Viangchan (38.1%), G6PD Mediterranean (27.4%), and
G6PD Mahidol (15.5%). They concluded that Malay-
sian Malays had various ancestral contributions. From
Indonesia, we reported that people in Flores Island
showed a heterogeneous ancestry (Matsuoka et al.
2003b) because we found five G6PD variants among 15
G6PD-deficient persons. Flores Island belongs to the
Sunda Archipelago where people might have come from
Eurasian countries, African countries, Philippine Is-
lands, and Pacific Islands. Historically, Flores Island
might have accepted many tribes from different origins.
Compared to data from Thailand, Malaysia, and Indo-
nesia, the people in Myanmar are homogeneous in terms
of G6PD variants.

We did not detect G6PD Viangchan (871G>A) in
Myanmar. This variant is common in Laos (100%) (Iwai
et al. 2001), Thailand (67.7%) (Nuchprayoon et al.
2002), and Malaysia (38.1%) (Ainoon et al. 2003). We
did not detect G6PD Mediterranean, a common variant
in Mediterranean countries, Middle Eastern countries,
Pakistan and India (Luzzatto and Notaro 2001), and
Nepal (Matsuoka et al. 2003a). This result indicates that
Myanmar people are absolutely different from the peo-
ple of those countries.

We found two cases of G6PD Coimbra (592C>T) in
Yangon and Kaw Thaung in the present study. G6PD
Coimbra, which was first found in a Portuguese woman

Fig. 2 a A part of the DNA sequence in exon 6 of a male with
glucose-6-phosphate dehydrogenase (G6PD) Mahidol hemizygote.
b A part of the DNA sequence in exon 6 of a female with G6PD
Mahidol heterozygote. c A part of the DNA sequence in exon 6 of a
normal control. Arrows show 487G>A, 487G>G/A, and 487G,
respectively

Table 1 Glucose-6-phosphate dehydrogenase (G6PD) variants in ethnic groups in Myanmar (numbers in parentheses are from our
previous report)

Varianta Burmese Rakhine Shan Kayin Others Total

Mahidol 30 (+14) 14 0 (+2) 1 0 (+12) 45 (+28)
Coimbra 2 0 0 0 0 2
Union 2 (+1) 0 0 0 0 2 (+1)
Canton 0 (+1) 0 1 0 0 1 (+1)
Total 34 (16) 14 1 (+2) 1 0 (+12) 50 (+30)

aNucleotide change and amino acid change are G6PD Mahidol (487G>A, 163Gly>Ser), G6PD Coimbra (592C>T, 198Arg>Cys),
G6PD Union (1360C>T, 454Arg>Cys), and G6PD Canton (1376G>T, 459Arg>Leu), respectively

546



who lived in Coimbra, Portugal, is widely distributed in
Europe and Asia but occurs with low frequencies
(Corcoran et al. 1992). In Asia, this variant is said to
distribute among aborigines (Tang et al. 1995). We
found two cases of G6PD Coimbra among Malaysian
aborigines (Iwai et al. 2001) and four cases on Flores
Island, Indonesia (Matsuoka et al. 2003b). The discov-
ery of G6PD Coimbra in Myanmar indicates that
descendants of aborigines in Myanmar have become
mixed with and live as Burmese.
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