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INTRODUCTION

Interest in the study of a possible relationship between malaria and
haemoglobinopathy was arcused by the pioneer observations of Allison (1954) who
demonstrated that the majority (13 out of 15) of subjects with haemoglobin S-trait

offered resistance to induced Plasmodium falciparum infection, when in the control

group 14 out of 15 non-sicklers suffered from the same infection. Subsequent
studies confirmed that sicklers (Hb.S-trait) n general offer a siznificant

resistance to P. falciparum infection (Raper, 1955; FEdington & Lehmann, 1956).

Sicklers did not, however, show similar resistance to P, malariae (Allison, 195%4;

Colbourne & Edington, 1756),

Available information on the relationship between sickle cell trait and
P. vivax infection is scanty and inccnclusive. Boyd & Stratman-Thomas (1933)
observed that the negroes in the United States of America were somewhat resistant
to induced P, vivax infection as compared with the white people. The concept of
haemoglobinopathy was unknown at that time and no attempt was made to link up this

resistance with Hb.S-trait.
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In our study on the relationship between malaria and haemoglobinopathy, it was

observed that Hr.E-thalassaemia subject was resistant to induced P, vivax infection

(Chatterjea et al., 1536). Mo such resistance was, however, demonstrable with
induced P. falciparum infection (Chatterjea, 1959). Further observations in a larger

series of Hkb.E-thaiassaemia along with few other haemoglobinopathic disorders are

recorded in the present communication.
MATERIALS AND METHODS

The incuction experiments with Plasmodium vivax were done on six different

occasions. A total of 18 subjects were studied, consisting of Hb.E-thalassaemia - 11,
homozygous thalassaemia - 1, homozygous E disease - 1, sickle cell anaemia (homozygous)
- 1, sickle cell disease - 1 (Hob.3 content was 30%; family study was not possible;
status Hb.S-thalassaemia or sickle cell anaemia), thalassaemia trait - 2 and

Hb.E-trait - 1. In the control group there were 14 subjyects who were recovering from

iron deficiency enaerniia or were suffering from non-haemoglobinopathic disorders.

Routine clinical and stancdard haematological investigations were done to
categorize the haemczlobinopathic status, The control cases were also studied in a
similar way Lo exclude tle possible existence of any haemoglobinopathic abnormality.
The foetal Hb. was estimated according to the method of Singer et al. (1951).
Erythrocytic zlucose-6-vhosvhate dGehydrogenase (G-6-PD) activity was estimated
according to a methol adapted from Kornbergz & Horeker as modified by Marks (1957).  The
stability of erythreoeytiic recuced glutathione (GSH) was tested according to the method

of Beutler (1957).

Procedure c¢f the experiment

The doncr of Plasmedium vivax was selected from benign tertian malaria patients who

had already severzl vbouts of febrilc paroxysms. In the donor's blood at the time of
bleeding, 1.5% to 2.0% of red celis were parasitized. The blood was collected in a
sterile bottle containing acid citreste dextrgse solution.  Immediately after collection,
the blooc was Iinjecied intrsmuscularly both n ithe haemoglcpinopathic subrects and in

N %
the controls. Lverage adults received 10 ml andbuhe children received 5 ml of blood.
Following such injection all iﬁé‘cases were observed regularly both clinically and

haematologically for evidences of malarial infection, as long as circumstances permitted.
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RESULTS

Hb,E-thalassaemia discase

The experiments were done on six different occasions employing a different donor
each time, It was observed that out of 11 cases of Hb.E-thalassaemia, only two
developed malaria. These two cascs had typical bouts of fever and parasites were found
respectively on the seventh and 3%6th day following injection, The remaining nine cases
proved resistant to infection with P. vivax; <these were followed carefully for six
months to a year with periodic check-up of blood. None of them had any fever and no

parasites could be demonstrated.

Other haemoglobinopathic conditions

One case of homozygous thalassaemia (age 1-1/2 years, Hb. 5.51 g %, Hb.F 85.0%,
spleen 2.5 cm), onc case of thalassaemia trait (age 50 years, Hb. 10.73 g%, Hb.F 7.74%
with a palpable spleen - 7.5 cm), and one case of Hb.S-disease (age 20 years, Hb. 4.35 %,
Hb.S. 80%, spleen 2,5 cm) showed resistance to B.T. malaria. The other cases consisting
of one case of homozygous sickle cell nnaemia, one case of homozygous E disease, one
case of thalassaemia trait and one casc of Hb,E-trait showed no resistance. The results

are briefly shown in Table 1.

Control group

Thirtcen out of 1% subjects showed clinical and parasitological evidences of
malaria. Parasites were demonstrable betvieen seven and 22 days following injection of

blood.

Correlation between malaria and other factors

Age of the subjects: No definite relationship could be found out between the age of the

patient and resistancc to malaria. Ages of Hb.E-thalassaemia showing resistance to
P, vivax ranged from six ycars to 21 years. In the controls and two subjects of
Hb.E-thalassaemia developing malaria, the age range was similar, The only case of

homozygous thalassacmia who also proved resistant was only 1-1/2 years old.
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TABLE 1. DATA ON THE RESULTS CF INOCULATION OF MALARTAL BLOOD
Sub iects Total Malari~ infection Malaria infection
N No. positive negative

Hb.E-thalassacmia 12 2 9
Homozygous thalassaemia 1

Sickle cell anaemia 1 1

Hb,.S-disease 1 1
Thalassaemia trz2it 2 1 1
Homozygous E disczose 1 1

Hb,.E-trait 1 1

Controls : 14 13 1

Anaemia in the subject: There was no significant correlation between the depgree of

anaemia and the susceptibility to malarial infection. Subjects of Hb.E-thalassaemia
with haecmoglobin lcvel os low as 2.32 or 3,10 ¢% did not develerp malariel infection.

In the control group, both the normal and the anacmic subjects showed equal suscepti-
bility to malarial infection. The hypochremic red cells of two iron deficiency anaemia
included in the control zeoup did not appear to offer any resistance to parasitic
infection. Similariy, the two cases of Hb.E-thalassazemia developing malarial infection

had srossly hypochromic red cells,

Reticuloecyte count: Reticulocyte count per se was not related to the susceptibility or

otherwise to malarial infection.

Splenomegaly: Sizc of the spleen dio not appear to influence Jhe susceptibility to

®

malaria. One case of Hb.E-thalassaemia, splencctomized five ycars ago, and showing a

Hb. level of only 2.32 g% at the time of experiment, did not develop malarial infcction,

Level of foetal Hb.: No correlation could bc established between the lecvel of foetal

haemoglobin and resistance tc malaria, In the control group, one case of subacute

myeloid leukaecmia with foetal Hb. lavel of 50.5% (no abnormal Hb.) and two cases of
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Hb.E-thalassacmia with foctal Hb., level of 28.5% and 50.5% did not offer any resistance
to malaria, The case of homozyzous thalassaemia with 85.0% foetal Hb showed resistance

-

o malarial infection; but similar resistance was shown by the majority of E-thalassaemiz

o+

subjects with Hb.F lavel ranging from 7.76 to 48.4%.

Presence of any particular abnormal haemozlobin: Homozygous state of thalassaemia

showed resistance to malaria in only one case studied., But the homozyzous state of S
and of E (only one cese of each) showed no resistance to malaria. One case of
thalassaemia trait (aged 50 years, Hb. 10.73 g%, Hb,F 7.74% with 2 spleen 7.5 cm)

offered resistancc to malaria. But the other case of thalassaemia trait (aged 36 yeers,
Hb., 11.5 g%, Hb.F 2% and no palpable splecen) and one case of Hb.E trait studied did not
show any resistance to malaria. Double heterozygote state of thalassaemia and Hb.E

genes appearcd t©o have offered resistance in nine out of 11 cases studied.

Lrythrocytic G-6-PD anc GSH stability: Erythrocytic enzyme studies (Table 2) in eight

cases of Hb.E-thalassaemia showing resistance to P. vivax had normal or high G-6-PD

activity and stable GSH in six cases; G-6-PD activity was low with unstable GSH in two
cases, In two cascs of Hb.E~thalassacmia susceptible tc P. vivax, G-06-PD activity was
normal and GSH was unstable in only cae of them. The case of homozygous thalassgemia

had almost nil G-6-PD activity.

Resistant cescs, cach of Hb.S5-diseasc, thalassacmia trait and one in control group

did not have any significant abnormality of (.-6-PD or GSH.

Differential susceptibility to P. falciparum and to P, vivax: One subject of

Hb.E-thalassaemia aged 14 years (Hb. 6.09 %, reticulocytes 18.0%, spleen 12 cm and
foetal Hb, 21.0%) showed casy susceptibility to induced faleiparum infection in 1957.

The same casc in 1960 was resistant to P. vivax.

Fal

therapeutic value of induced malaria: In our series, following infection the

Any
subjects did not show any clinical or haematological improvement. On the contrary,

the majority became worse off after the infection,
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TABLE 2, DATA ON G-6-PD ACTIVXTY AND GSH STABILITY OR RED CELLS
AND THETR RELATIONSHIP WITH THE OCCURRENCE OF INDUCED MALARIA
- G-6-PD GSH
B.T.
Cases .
malaria .
N or high Low Stable Unstable
(8 Negative 6 2 6 2
Hb.E-thalassaemia  (
(2 Positive 2 - 1 L
Sickle cell anaemia 1 Positive 1 - - 1
Hb.S-disease 1 Negative 1 - - : 1
Homo-thal i Negative - 1 - 1
Thal-trait 2 Negative 1 - 1 -
(6 Positive 6 - ) )
Controls (
(1 Negative - - i -
DISCUSSION-

Results of direct experiments designed to test for any possible resistance that
may be offered by haemoglobinopathic subjects to malaria, indicated significant

resistance of Hb.E-thalassaemia subject to Plasmodium vivax. In a series of 11

patients with Hb.E-thalassaemia disease, only two could be infectec, while in the
control series, 13 out of 14 were readily infected. Such infection could not be
induced even in a splenectomized child with Hb.E-thalassaemia disease, Most of these
children were greatly anaemic with low general condition and yet they had showed this
resistance. Similar resistance was alsc seen in homozygous thalassaemia but not in a
typical thalassaemia trait, haemczlobin E trait or haemoglobin E homozygote. It is
further interesting to note that resistance in Hb.E-thalassaemia was to P. vivax but

not to P. falciparum. The observed resistance to P. vivax could not be correlated

with any of the following parameters: Hb.F content, reticulocyte count, G-6-PD activity

or stability of reduced glutathione. It should, however, be mentioned that in a
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similar study from Thailand, both Hb.E trait adults and Hb.E-thalassaemia children
developed infection with P, vivax (Kruatrachue et al,, 1961), In a survey of malarial
infection in relation to the distribution of Hb.E in various age-groups of a

malarious area in Thailand, subjects with Hb.A and Hb.E were found to be equally

susceptible to malaria (Kruatrachue et al., 1952).

The resistance of Indian subgjects to P. vivax and African subjects to

P. falciparum may be reconciled oy the fact that malarial parasites in general do not

thrive well in haemoglobiniopathic red cells. Well documented data on the resistance

of Africans to P, vivax are not available, Relatively scanty data on P. falciparum

infection in Indian subjects do not completely exclude the possibility of some

&

resistance to this species, in addition to striking resistance Lo P, vivax,

The mechanism of resistaince as shown by Hb.E-thalassaemic subjects from India is
not, however, clear, There is no direct evidence to show that presence of any
abnormal haemoglobin or thalassaemia gene per se has any protective role. In the-
present serie:, the observed resistance could not also be explained by the amount of
Hb.F present or the associated G-6-PD deficiency. Also in a recent study from
Thailand G-6-PD deficiency could nobL be alweys correlated with resistance to malarial

infection (Kruatrachue, et al., 1952).

In an over-all assessment of the available evidences relating to the resistance
shown to malarial infection it would appear that besides abnormal haemoglobin and
G-6-PD deficiency, there must be other factors. Only a minority of American negroes
have these traits and it is generally agreed that many more of them show after
inoculation a consiliderable resistance against several species of malarial parasites,

including P. vivax and P. knowlesi. The cdifferential susceptibility of American

negroes and American whites - who had no previous exposure to the disease suggests that
other factors, prcbably under complex or polygenic control are involved (Livingstone,
1961). In this context, the differential susceptibility of Indian and Thai subjects

may be due to other associated factors not directly related to haemoglobin variants,

Caminopetros (2933) observed that in a case of Mediterranean anaemia who had a
coincidental malarial infection, there was improvement of anaemia, Impressed with

this observation, he inoculated seven subjects of Mediterranean anaemia with malaria.
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He reported that maliaria had a beneficial effect on anaemia. In the present series
no such beneficial effect was observed, Or. the contrary, following malarial infection

there was deterioration of clinical and naematological conditions, as expected.
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SUMMARY

Subjects with Hb.E-thalassaemia disease were found to offer significant
resistance to induced P. vivax infecti.on, In a seriec of 11 patients with this
disease, only two could be infected, when in the control group 13 out cf 14 were
readily infected. The observed resistance to P. vivax could nct be correlated with
Hb.F content, reticulocyte count, G-6-PD activity or stability of reduced glutathione

in red cells.
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The purpose of the WHO/Mal series of documents is three~fold:

(2) to acquaint WHO staff, national institutes and individual research
or public health workers with the changing trends of malaria research and
the progress of malaria eradication by means of summaries of some

relevant problems;

(b) to distribute to the groups mentioned above those field reports and
other communicaticns which are of particular interest but which would not

normally be printed in any WHO publications;

(¢) to meke available to interested readers some papers which will
eventually appear in print but which, on account of their immediate

interest or importance, dessrve to be known without undue delay.

The issue of a paper in this series does not therefore constitute formal
publication ano a paper so issued may, with the agreement of the author and WHO, be

published in a WHO periodicsl or clsewhere.

Authors a2lone are responsible for views expressed in signed articles. The
mention of manufacturing companies or of their proprietary products does not imply that
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