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Haemoglobinopathies and Malaria in Thailand*

by M. KRUATRACHUE, M. BHAIBULAYA, K. KLONGKAMNAUNKARN and C. HARINASUTA, Faculty of
Tropical Medicine, Mahidol University (formerly University of Medical Science), Bangkok, Thailand

The high prevalence of a gene which is deleterious
or lethal in the homozygous state can only be ac-
counted for by postulating some selective advantage
of the gene in the heterozygous state. In certain
areas of Thailand there is a surprisingly high pre-
valence of haemoglobin E; for instance, in the area
of the present survey the prevalence of this gene was
30 %-50 %. Thalassaemia, which is lethal in the
homozygous state, is also present in this area; f,-
thalassaemia occurred in 3.2 %-10.6% of the popula-
tion and the prevalence of a-thalassaemia was also
relatively high.a
Some attempts have been made to study the pro-

tective value of these genetic variants against Plas-
modium falciparum, but the results have not been
conclusive. b, c, d, e, f The present paper gives further
data relevant to the hypothesis that heterozygosity
for haemoglobin E and thalassaemia offers some
selective advantage in P. falciparum infections.

Materials and methods

Surveys of the prevalence of haemoglobin types
and ofmalaria were performed in 3 provinces in Thai-
land where a high malaria prevalence was anticipated:
Rayong, Nakorn Rajsrima and Nakorn Nayok.
Blood samples were collected, mostly from the

femoral vein, from 600 infants and children under
3 years of age. For the diagnosis of haemoglobin
types the blood samples were treated as follows:

* This work received financial assistance from the World
Health Organization.
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Diagnosis of haemoglobin E. Haemoglobin E was
identified in the blood samples by starch-block
electrophoresis. Many attempts were made to elute
the E component but the results were not repro-
ducible and latterly the separations were made by
chromatography using DEAE-Sephadex.' In 79
samples the proportion of haemoglobin E was
21.77% ± 8.14%.

Diagnosis of the thalassaemia trait. The thalas-
saemia trait was diagnosed by the elution of the
haemoglobin A2 component after starch-block
electropheresis. In 40 normal individuals the values
of haemoglobin A2 varied from 1.3% to 3.5% with
high frequency between 2.5% and 2.9%. Thus up
to 3.5% was regarded as within normal limits
(mean ± 2 SD = 2.70% ± 1.32%).
For the diagnosis of thalassaemia-like disorder

(a-thalassaemia trait), the following additional pro-
cedures were carried out:

Osmotic fragility test. This test was carried out
with serial dilutions of saline from 0.16% to 0.48%
at intervals of 0.02%. Blood samples were studied
from the following groups: 72 normal individuals
and 58 persons with either a- or f-thalassaemia
genetically proved trait. The 0.36% saline solution
showed a clear distinction between the two groups.
At this dilution in individuals with normal haemo-
globin, haemolysis was not less than 82%; in the
thalassaemia traits it did not exceed 79%.
The 0.36% saline solution was therefore used for

screening in fragility tests carried out in the field. The
percentage of haemolysis in this saline dilution were
calculated by standard procedures and individuals
showing fragility of less than 79% were regarded as
having decreased fragility.
Plasma iron. Plasma iron was estimated by the

method of Schade et al.,, all the syringes, test-tubes

g Kunkel, H. G. & Wellenhius, G. (1955) Science, 122,
288.

h Huisman, T. J. H. & Dozy, A. M. (1961) Analyt.
Biochem., 2, 400.

i Schade, A. L., Reinhart, J. & Miller, J. R. (1954) Proc.
Soc. exp. Biol. (N.Y.) 87, 43.
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TABLE 1

PREVALENCE OF HAEMOGLOBINOPATHIES AND MALARIA IN THE PROVINCES SURVEYED

Persons with Malaria-positive P. falciparum
o.-_______________________________ positive

Province examined Haemoglobin E |3-thalassaemia a-thalassaemia I

No. % No.| % No. % No.1 % No. %a

Rayong 348 80 23.0 12 3.4 64 18.4 44 12.6 28 63.6
8.0

Nakorn Rajsrima 54 28 51.9 2 3.7 9 16.7 6 11.1 4 66.7
7.4

Nakorn Nayok 140 44 31.4 16 11.4 27 19.3 19 13.6 11 57.9
7.9

Total 542 152 28.0 30 5.5 100 18.5 69 12.7 43 62.3
7.9

a The upper and lower figures indicate the percentage of P. falciparum infection calculated from the number of malaria-positive
cases and from the total number of persons examined, respectively.

and all glassware used in the survey being iron-free
and siliconized in order to minimize haemolysis. The
separation of plasma was done within 1-2 hours of
collection. The normal value in Thai people was
47-214 ,ug/100 mi.J
Only samples with decreased osmotic fragility and

normal levels of plasma iron and haemoglobin A2
were classified as " thalassaemia-like disorder ". It
is possible that some cases of f-thalassaemia trait
with normal haemoglobin A, levels were included in
this group. Cases with decreased fragility, and low
plasma iron, were excluded.
Double heterozygosity for /-thalassaemia and the

HbE gene and homozygosity for HbE were excluded.
Nevertheless, in this study the so-called " individuals
with E " possibly also included subjects heterozygous
for HbE with 1 or 2 a-thalassaemia genes.k
By the criteria described above, 58 out of 600 cases

were discarded, including 2 homozygous HbE, 12
double heterozygous for thalassaemia and HbE
genes (/-thalassaemia HbE disease), one suspected
thalassaemia-HbH and 43 cases with decreased fra-
gility and low plasma iron level. The remaining
542 cases were used in this study.

In most cases, foetal haemoglobin was estimated
using the method of Singer et al.1

1 Wasi, P. & Na-Nakorn, S. (1966) J. med. Ass. Thailand,
49, 757.

k Tuchinda et al. (1964) Amer. J. hum. Genet., 16, 311.
I Singer, K., Chernoff, A. I. & Singer, L. (1951) Blood, 6,

413.

Diagnosis of malaria infeCtion. In all cases, 2 thick
peripheral blood films and 1 thin film were examined.
The diagnosis and the calculation of parasite densi-
ties in survey samples were done as described in an
earlier paper.m

Studies of the hospital cases. Studies were also
made of Plasmodium falciparum infections in infants
and children under 3 years of age admitted to
Praputhabath and Saraburi Hospitals. Samples of
blood were collected and treated as above; glucose-
6-phosphate dehydrogenase (G6PD) concentrations
were determined in the erythrocytes, using the
brilliant cresyl blue dye screening method.

In all cases the initial parasite counts were made by
counting the number of infected cells per 1000 ery-
throcytes in thin-film smears stained with Wright's
stain. The red blood cell count per mm3 was also
determined and the number of parasites per mm3 was
then calculated.

Results
The prevalence of haemoglobin types and the

prevalence of P. falciparum malaria are shown in
Table 1.

It can be seen that the prevalence of individuals
with HbE ranged from 23.0%. to 51.9%, with an
average of 28.0 %. Of the two types of " thalassaemia
individuals" a-thalassaemia predominated, the pre-

m Kruatrachue, M. et al. (1962) Lancet, 2, 1183.
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TABLE 2
PREVALENCE OF MALARIA IN RELATION TO HAEMOGLOBINOPATHIES IN INFANTS

AND CHILDREN UNDER 3 YEARS OF AGE

Infants (<1 year) Children 1-3 years of age

With With
Condition P. faci- P. falci-No. No. parum No. No. parum

examined positive infection examined positive infection

No.| % No.| %

Haemoglobin E 46 1 1 2.2 106 13 8 7.5

Thalassaemia-like disorders 31 2 0 0 69 9 4 5.8

P-thalassaemia 7 0 0 0 23 5 3 13.0

Normal haemoglobin 73 3 0 0 187 36 27 14.4

valence varying from 16.7% to 19.3% (with an

average of 18.5 %).
The prevalence of P. falciparum infection in the

areas Rayong, Nakornrajsima, Nakom Nayok was
more or less the same.

Relation of individuals with haemoglobinopathies
and falciparum malaria. The samples were analysed
in two ways; according to age-groups (infants and
children 1-3 years of age) and according to the
degree of local endemicity of malarial infection (P.
vivax and P. falciparum) on the basis of whether the
incidence was greater or less than 15 %. The results
are shown in Tables 2 and 3 respectively.
For statistical analysis the groups with a- and

/3-thalassaemia traits were pooled and compared
with groups with HbE trait and with normal haemo-

globin. As will be seen from a study of Tables 2 and
3, only in the 1-3-years age-group and in the vil-
lages where the infection rate was higher than 15%
were numbers of infected individuals high enough to
permit statistical analysis (that is, the expected
frequency in every statistical cell was higher than 5).
In the circumstances mentioned above, the X2 test,
with Yates' correction, indicated that the samples
were taken from a population in which the preva-

lence of P. falciparum infection would be the same.

Comparison of parasite densities. For the com-

parison of parasite densities between individuals with
various haemoglobin types, the data obtained from
the survey were inadequate because of the low
parasitaemia. To obtain a relatively large population
of children with high parasitaemias, 82 ill infants

TABLE 3
PREVALENCE OF MALARIAL INFECTION IN RELATION TO HAEMOGLOBINOPATHIES

AND THE DEGREE OF MALARIAL ENDEMICITY

Malaria infections < 15 % Malaria infections >15 %

With With
Condition No. No. P. fakci- No. No P. faki-

examined positive parum examined positive parum

No. % No. %

Haemoglobin E 79 2 1 1.3 73 12 8 11.0
Thalassaemia-like disorders 60 3 1 1.7 40 8 3 7.5

j-thalassaemia 16 0 0 0 14 5 3 21.4

Normal haemoglobin 136 10 8 5.9 124 29 19 15.3
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TABLE 4
RELATION BETWEEN PLASMODIUM FALCIPARUM PARASITE DENSITY AND THE OCCURRENCE

OF HAEMOGLOBINOPATHY

Parasite density (per mm3)

Condition 1-999 1 000-9 999 10 000-49 999 50 000-99 999 >100 000 Total
No. of |No. of

%
No. of No. of No. of

persons a| % Ipersons al % persons a] % upersons al / persons al %

AE 2/2 20 2/9 27 0/10 24 0/5 12 0/7 17 41

a-Thalassaemia 3/0 18 1/4 29 0/2 12 0/2 12 0/5 29 17

3-Thalassaemia 1/1 20 2/0 20 0/3 30 0/1 10 0/2 20 10

Normal 16/0 28 6/2 14 5/17 39 0/4 7 0/7 12 57

a The first figure refers to the persons included in the main survey and the second figure to the infants and children in hospital
(see text).

and children under 3 years of age admitted to
Saraburi and Praputhabath Hospitals were included
(Table 4).
A level of more than 50000 parasites per mm3

was chosen as the danger point in P. falciparum
infection, since data in infants and children under
3 years of age infected with P. falciparum indicated
that the mortality rose from 2.80% to 29.30% when
this level of parasitaemia occurred. Since the sig-
nificance of G6PD deficiency in regard to parasite
densities is not yet clear,n cases with this enzyme
defect, regardless of the haemoglobin type, were
rejected. There was no evidence that the proportion
of the individuals with parasite counts higher than
50000 per mm3 differed significantly among the 3
groups.

Discussioni

It can be seen from Table 1 that, although the
malarial endemicity of the areas studied was similar,
the distributions of HbE individuals and /-thalas-
saemia trait in them were not uniform, the difference
in frequencies being statistically significant (P <0.01).

In terms of infection rate and parasite densities, it
was not possible to demonstrate that HbE and
thalassaemia traits (a and /3) conferred any selective
advantages for P. falciparum infection.
Up to the present, no disadvantages of the homo-

zygous state for HbE, which is of very mild patho-
logical importance, have been demonstrated. It is

n Kruatrachue, M., Klongkamnuankarn, K. & Harina-
suta, C. (1966) Lancet, 1, 404.

suspected that the advantages in regard to malarial
infection in heterozygous persons, if present, must
be very small and thus a very large number of cases
is needed for analysis. However, if the heterozygous
condition for HbE carries any advantage in P. falci-
parum infection, the results of the X2 test should
show some trend, in a sufficiently large population,
even if statistical significance cannot be demonstra-
ted. In our data no such trend was observed in
either malaria prevalence or parasite density.

It is worth noting that the prevalence of the thalas-
saemia-like disorder (a) in Thailand is alarmingly
high. The present findings agree well with the high
prevalence of hydrops foetalis a and the high pre-
valence of a-thalassaemia found in this country in
57 families in which one oi more persons had thalas-
saemia H disease.0 Homozygosity for /-thalassaemia
gene, however, is associated with lethal anaemias,
and homozygosity of a-thalassaemia is not com-
patible with life.P Selection in favour of heterozygous
states in f-thalassaemia must be intense, but so far
only geographical evidence has been adduced to
implicate falciparum malaria as the selective agent.q
However, the present data, in respect of both P. fal-
ciparum infection rates and parasite dtnsities, do not
indicate that a- or /-thalassaemia traits confer any
selective advantages in the malarial environment.

0 Wasi, P., Na-Nakorn, S. & Suingdumrong, A. (1964)
Nature (Lond.), 204, 907.

P Lie-Injo Luan, Chin, J. & Ti, T. S. (1965) Ann. hum.
Genet., 28, 173.

q WHO Scientific Group on Haemoglobinopathies and
Allied Disorders (1966) Wld Hlth Org. techn. Rep. Ser., 338.
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Our results conflict with studies of frequency of
HbE gene distribution in relation to the incidence
of P. falciparum infections in Thailand.r We are
convinced, however, that the interpretation of the
gene distribution depends not only on the prevailing
malaria incidence, but also on the interaction of the
abnormal genes among the populations concerned.
The apparent correlation of malaria incidence and
a given gene may be purely coincidental or a third
unknown factor may be involved which is not
P. falciparum. If correlation between these abnormal
gene frequencies and malarial incidence is real, it
should be possible to demonstrate this clearly in
many malarious areas in Thailand.

r Flatz, G., Pik, K. & Sumdharagiati, B. (1964) Lancet,
2, 385.

The results of our studies of fatal cases of P. falci-
parum infection with parasitaemia higher than
50 000 mm3 in infants and children do not indicate
any clear difference between the series of normal and
abnormal haemoglobins. Details of these studies
will be provided at a later stage.

* *
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Artificial Feeding of East African Female Simuliidae (Diptera),
including Vectors of Human Onchocerciasis*

by JOHN N. RAYBOULD, Research Officer, and ALPHONCE S. K. YAGUNGA, Technician, East African Institute
of Malaria and Vector-borne Diseases, Amani, Tanzania

There is little doubt that many aspects of Simulium
biology will remain obscure until successful culturing
or colonization can be achieved.a One of the main
obstacles to laboratory colonization has been to
persuade Simulium females to feed on blood under
artificial conditions. This difficulty has applied both
to wild-caught females and to those reared in the
laboratory. However, during the past few years
several different investigators have devised new tech-
niques for the artificial feeding of simuliids that
have met with considerable success. b, c, d, e
Wenk b succeeded in feeding Boophthora erythro-

* This investigation was supported, in part, by a grant
from the World Health Organization.

a Muirhead-Thomson, R. C. (1966) Blackflies. In: Smith,
C. N., ed., Insect colonization and mass production, New York,
Academic Press, pp. 127-144.

b Wenk, P. (1965) Z. Tropenmed. Parasit., 16, 207-226.
c McMahon, J. P. & Nelson, G. S. (1967) Trans. roy. Soc.

trop. Med. Hyg., 61, 21-22.
d Field, G., Duplessis, R. J. & Breton, A. P. (1967) J. med.

Ent., 4, 304-305.
6 McMahon, J. P. (1968) Bull. WldHith Org., 38,957-966.

cephala and a number of other simuliids on citrated
or defibrinated blood, on rabbits' ears and on man.
The present paper describes the results obtained
using the latter 2 methods for feeding East African
Simuliidae.

Species of Simuliidae used in these investigations
The species used in these investigations were

vectors, or potential vectors, ofhuman onchocerciasis.
They were collected either at Amani in the eastern
Usambara Mountains in north-east Tanzania, or at
Njombe in the south-west of the country.
Members ofthe Simulium neavei Roubaud complex.

Feeding trials were carried out on 2 members of the
S. neavei complex from Amani: Simulium woodi de
Meillon and Simulium nyasalandicum' de Meillon
(Amani form).f S. woodi is probably the only im-
portant vector of human onchocerciasis in the area,
while S. nyasalandicum (Amani form) feeds on cows

f Lewis, D. J. (1961) Proc. roy. ent. Soc. Lond. B. 30,
107-111.
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