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THALASSAEMIA SYNDROMES IN BOMBAY

P. K. Sukumaran,* H. P. Randelia,* L. D. Sanghvi,* and S. M. Merchant**

Thalassaemia is an inherited erythrocyte abnormality due to a gene, which
in the heterczygous condition, produces microcytosis with certain cytological
abnormalities known as Thalassaemia minor, and in homozygous state, a pro-
found anaemia known as Thalassaemia major which usually terminates fatally
before of the age of ten. At times, family studies on clinically mild cases of
thalassaemia indicate that one parent has the findings characteristic of thalas-
saemia and the other has, at best, doubtfut evidence for the diagnosis of
thalassaemia. A number of such atypical parents have been shown to transmit
a gene for abnormal haemoglobin. Largely through the use of paper elec-
trophoresis many abnormal haemoglobins were found in association with tha-
lassaemia gene. They include genes controlling the presence of haemoglobin
S, haemoglobin C, haemoglobin D, haemoglobin E, haemoglobin G, haemo-
globin H, haemoglobin Q, haemoglobin Bart’s, haemoglobin F and Lepore
trait. Some of these syndromes are clinically mild while others are almost
symptomless. In India, interaction of thalassaemia with sickle cell gene with
a presumptive diagnosis was reported from Bombay.® Cases of sickle cell-
thalassaemia were also reported from Nagpur'® and from Bengal.® Parekh
et al”., reporting a case of haemolytic anaemia in a child, presented evidence
of thalassaemia with sickle cell gene. Haemoglobin E associated with thalas-
saemia gene was reported from Bengal? and it may be said that upto now this
is the only area in India from where haemoglobin E-thalassaemia cases have
been reported. Haemoglobin D-thalassaemia has been reported from Bom-
bay among the Gujarati-speaking and Sindhi-speaking L.ohanas.’® The only
example in the literature of haemoglobin J associated with thalassaemia was
also in a Gujarati Lohana.® Interaction of thalassaemia with high foetal trait
was reported in a Christian family in Bombay.'2 The purpose of this paper is
to present two groups of cases of double heterozygosity: one thalassaemia
and haemoglobin S and the other thalassaemia and haemoglobin E. The
former consists of three cases in two families, one of them of special interest
being the only case in a Gujarati-speaking Caste Hindu (Dasasimali Bania)
seen in Bombay. - The second group consists of three cases of thalassaemia
with haemoglobin E in a Muslim (Bohri) family from near Ahmedabad.

METHODS
Haematological investigations were carried out by the conventional me-
thods. Foetal haemoglobin was estimated by the method of Singer et al.'’
Osmotic fragility was measured by using Simmel’s tyrode in graded dilutions
and percentage of lysis in various dilutions recorded.® 90-1009 lysis oc-
" curred in large number of normal individuals tested in our laboratory at
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0.4 concentration and the amount of lysis at this critical dilution is presented
in the table. Electrophoresis of haemoglobin was carried out by the method
reported earlier.’* A: fraction of haemoglobin was estimated by eluting
the separated fraction after staining. Serum iron was estimated by the me-
thod of Davies et al.* Sickling test was done by using sodium metabisulphite.

Thalassaemia trait was identified by a combination of investigations.
Peripheral blood in these cases is characterised by microcytosis due to reduc-
tion in the thickness of red cells which gives them the ‘target’ appearance.
The hypochromia depends upon a low haemoglobin content of cells rather
than upon low saturation. Red cell count may not be reduced and may in-
deed exceed normal. Packed cell volume may be reduced compared to the
red cell count resulting in low MCV, but a normal MCHC. Flattened red’
cells give a reduced osmotic fragility. Serum iron value is normal in thalas-
saemia trait, but reduced in iron deficiency anaemia. Foetal haemoglobin
may be normal or raised. A fraction of normal adult haemoglobin is found
to be raised in contrast to a reduction reported in iron deficiency anaemia.
The term ‘thalassaemia trait’ used throughout this paper would denote the
above criteria for diagnosis and special reference will be made wherever they
are incomplete.

I SICKLE CELL-THALASSAEMIA

T—Family: - In September 1956, DIT, a Gujarati-speaking boy aged 4
years and 8 months was brought to the laboratory for investigation. The father,
an intelligent person, noticed that the haemoglobin of this child, in spite of
repeated and continuous administration of haematinics including iron, did not
rise above 11.5 g.%. This refractory mild anaemia along with bone pains
in the child were the manifestations responsible for further investigation.
Clinically, slight pallor, a firm spleen of two fingers breadth below the costal
margin and a just palpable liver, which according to the father, were persist-
ing from the age of two years were observed. Past history suggested re-
peated attacks of fever diagnosed as tonsilitis, typhoid, malaria, etc.

Laboratery investigation on his blood showed red cell count to be 4.7
million per cmm. with haemoglobin 11.5 g.9%. MCV was found to be
68 cu.u. Osmotic fragility was decreased markedly. Reticulocyte count
was 2.8%. Peripheral blood smear showed anisocytosis, poikilocytosis and
fair number of target cells. Foetal haemoglobin was found to be raised to
15.6%. Haematinics did not produce any improvement on the hypochromic
blood picture. Serum iron could not be estimated. ‘Direct Coomb’s test
was negative. Sickling test was found to be positive. Paper electrophoresis
revealed a single band simulating homozygous S pattern. To establish the

haemoglobin genotype of this patient his parents and other members of the
family were investigated.

The father T-4 (JMT) of the boy aged 43 years, Gujarati-speaking
Ghanchi or Teli by caste, appeared to be healthy. His blood examination re-
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vealed a thalassaemia trait picture on the criteria already mentioned in the
beginning. Finding of a comparatively low haemoglobin, considering his
red cell count, resulted in starting treatment for his mild anaemia. Re-
peated intake of iron and other haematinics is said to have showed no im-
provement in his haemoglobin. Serum iron was not done. Sickling was
found to be negative on repeated examination. Electrophoresis of haemoglo-
bin showed no abnormality. Foetal haemoglobin was 1.6%. The mother 1-5
(TJT) aged 36 years, a Gujarati convert Christian from Panchmahal district,
was found to be apparently normal. Her blood examination showed sickling
positive and electrophoresis revealed a trait pattern showing haemoglobin
A and S. Osmotic fragility was found to be decreased with a microcytic
picture of blood. Foetal haemoglobin was found to be normal. Sickle cell
trait, confirmed by electrophoresis, was found in two more individuals in the
family namely, the maternal uncle I-6 (NMB) aged 29 years and in another
younger sib, a twin brother II-2 (PJT) aged 12 years. Except for a raised
foetal haemoglobin of 5.189% in the twin brother the findings in both of
them were essentially the same as that of the mother—a sickle cell trait.
Thalassaemia trait was seen in two paternal uncles I-1 (AMT) and I-2 (MMT)
aged 51 and 42 years respectively and also in the other younger sib, a twin
sister 1I-3 (CJT) aged 2 years, in whom foetal haemoglobin was found to
be 9.8%. Sickling was negative in all of them. Finding of raised foetal
haemoglobin in both the twins is difficult to explain at this young age. The
other two members in the family, paternal aunt I-3 (Mrs. THK) aged 36
years and the maternal uncle I-7 (MMB) aged 26 years were normal and
did not reveal anything contributary to the diagnosis.
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TABLE I Laboratory Investigations
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Z-Family: In May 1957, a male child aged 4 years was brought to
our laboratory with complaints of frequent attacks of cold and cough with
progressive weakness and pallor for the last two years. Both the parents
belong to Guparati-speaking Bania (Dasasimali) caste from Saurashtra. The
child was said to be bright in colour till he was a year old. Since then, frequent
attacks of cold and cough were followed by progressive pallor. In spite
of repeated treatment with haematinics and iron he showed no improve-
ment. General examination showed a poorly built, poorly nourished boy
with pale conjuctiva and nails. Glands in the axilla were found to be en-
larged and bossing of the skull was noticeable. Spleen was enlarged to 23
fingers below the costal margin, was smooth and firm, and liver was just palp-
able, otherwise nothing abnormal was detected.

Laboratory examination revealed anaemia with haemoglobin 7 g. %, red
cell count 2.41 million per cmm. and increased reticulocytes of 9.2%.
Osmotic fragility was decreased. The peripheral smear showed marked
anisocytosis, poikilocytosis, number of target cells and a few normoblasts.
Direct Coomb’s test was negative. Sickling test was found to be positive
with a few cells of filamentous forms of sickling. Foetal haemoglobin was
found to be 25.5%. Electrophoretic study of haemoglobin showed haemo-
globin S pattern without any adult fraction.
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Detailed study of the family showed the mother of the patient II-3
(SaPZ) aged 32 years to have a sickle cell trait showing haemoglobin A and
S components on electrophoresis with positive sickling test. She is said to
be healthy except for feeling of fatigue on exertion. Her blood examination
showed nothing abnormal except the above findings. The father II-4 (PHZ),
aged 43 years, showed thalassaemia trait with raised reticulocyte count of 3.2%
and serum iron of 90 p g.%. Foetal haemoglobin was within normal
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limits and electrophoresis of haemoglobin showed no abnormality except As
fraction was raised to 6.4%. The eldest sister of the patient, III-1 (SoPZ),
aged 8 years, on examination, was found to be pale and her spleen was
just palpable. The parents complained of general weakness and lethargy
in her. Blood examination revealed findings essentially the same as in the
patient except for anaemia. Her red cell count was 4.87 million per cmm.
with 11 g. 9% haemoglobin and 4.6% reticulocytes. Fragility was de-
creased and a number of target cells were seen in the blood smear. Sickling
test was positive and electrophoresis showed haemoglobin S pattern as in the
patient. Foetal haemoglobin was 15.7%. Of the other two sisters-III-2
(BPZ) aged 6 years and III-4 (NyPZ) aged 1 year and 3 months, the former
showed thalassaemia trait with 3.3% foetal haemoglobin and 2.6% reticulo-
cytes. Sickling test was negative. Electrophoresis showed no abnormal
haemoglobin but A- fraction was slightly raised. The other sister was found
to be normal, both clinically and haematologically. Electrophoretic pattern
of her haemoglobin showed no abnormality and A- fraction was found to be
normal. The paternal grandmother I-1 (DHZ), 62 years, was found to have
thalassaemia trait haematologically and her serum iron was not reduced. No
abnormal haemoglobin was detected on electrophoresis. Sickling was found
to be negative. Her foetal haemoglobin was 2.7%. The maternal uncle II-1
(DM), aged 44 years, was found to be normal while the maternal aunt II-2
(KK) showed a microcytic blood picture with low MCV and MCHC, de-
creased fragility and target cells with a low serum iron content. No attempt
was made to verify iron deficiency in her by therapeutic tests. Sickling test
was negative and no abnormal haemoglobin was detected by electrophoresis.
See Table I

II. HAEMOGLOBIN E—THALASSAEMIA

AR—Family: In February 1960, a Muslim girl aged 7 years and 3
months was referred to our Laboratory by Dr. M.P. Bhagat, Hon. Pedia-
trician, K.E.M. Hospital, Bombay, with complaints of general debility and
anaemia and a history of chronic diarrhoea. There was a history of pul-
monary tuberculosis in her at the age of 3 years for which she was treated.
On examination she was found to be fairly built, poorly nourished with con-
juctiva pale with yellow tinge. Spleen was three fingers’ breadth below the
costal margin and signs of congestive cardiac failure and manifestations of
malnutrition were noticed.

Her blood examination revealed anaemia with haemoglobin 5.8 g.%
and red cells 2.9 million per cmm. MCV was low with a low MCHC. Re-
ticulocyte count was 119 with decreased osmotic fragility. Direct Coomb’s
test was negative. Sickling was negative on repeated examination. Her
blood smear showed target cells, marked anisocytosis and poikilocytosis and
plenty of normoblasts (35 for 100 WBC). Foetal haemoglobin was found
to be 35%. (Fig. 4) Electrophoresis showed two fractions, one major com-
ponent showing mobility similar to haemoglobin F and A while the other
with slow mobility, slower than haemoglobin S. When compared with a
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known haemoglobin sample having haemoglobin A and C, kindly made avail-
able by Dr. J. C. White of London, this component in the patient was
found to move faster than the haemoglobin C fraction in the control. A
comparison with the haemoglobin from a known case of thalassaemia-haemo-
globin E disease showed the slow moving fraction to be haemoglobin E.

1 Hb-A" 2 Hb-F+A 3 Hb-E

1 Hb-F+A 2 Hb-E
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TaBLE II Laboratory Investigations
Ar-Family

Fragility
Electro-
phoretic
pattern

2.90| 5. oL6f O|E+F
AR 6.50|14. 2.040.50 ++ .0|A(A,-5.8 %)
ZAR 4.42| 6.4] 55 3.2065.0] fow 3|A+E
AAR | 6|m|3.88| 7.1{64| 29| 3.4}14.0] +++ 0|E+F
NAR 4.41| 7.4{61[27] 2.611.0] +++ O|E+F

FAR 5.41[11.6| 701 30| 2.0[21.5] a few | 48 4.0 [A+E

A family study was undertaken with difficulty for want of co-operation
from the parents. The father I-1 (AR), aged 35 years, was found to. be appa-
rently normal. He is a Muslim belonging to the Sunni Bohra sect and hails
from Himatnagar near Ahmedabad. His blood examination showed thal-
assaemia trait with serum iron level of 86 u mg.%. Foetal haemoglobin was
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4.03%. Sickling was negative. Electrophoresis showed only adult haemo-
globin with elevated A. fraction of 5.8%. The mother I-2 (ZAR), 30 years old
was 7 months pregnant when examined. Her haemogram revealed anaemia
with haemoglobin 6.4 g. %. Reticulocyte count was 3.4%. Sickling
test was negative. Foetal haemoglobin was 2.3%. Electrophoresis showed
two fractions of haemoglobin, haemoglobin A and a slow moving component
which was later identified to be haemoglobin E, as in the index case. Two
other brothers of the patient II-3 (NAR), aged 10 years and II-5 (AAR),
aged 6 years, on examination, showed pellor and icteric tinge of sclera. Ab-
domen was slightly distended in both and the spleen was just palpable. Both
of them were said to'be passing worms. Blood examination showed essen-
tially the same picture as in the patient and sickling test was nega-
tive in them. They showed an elevated foetal haemoglobin of 38% and 32%
respectively. Electrophoresis showed two fractions similar to that of the
patient. The younger sister II-6 (FAR), aged 4 years, showed haemoglobin -
E trait (Haemoglobin A and E), on electrophoresis, as did the mother. There
was a history of helminthic infection in her. Her foetal haemoglobin was
found to be 4.0%. Serum iron was found to be 48 wg.% which is on the
low side. Sickling test was negative.

TABLE 111 Thalassaemia Syndromes—Comparative Data on
Laboratory Findings
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DISCUSSION

The data presented show sufficient evidence of double heterozygosity
for genes for thalassaemia and haemoglobin S and haemoglobin E. This is
observed in some sibs besides the propositus in each of the families. These
genes found in heterozygous state in the parents add to the evidence. Find-
ing of sickle cell gene in a family of Gujarati-speaking Dasasimali Bania
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-—is of special significance as this gene so far is reported almost ex-
clusively in Adivasis i.e. tribal population from Gujarat.'* Haemoglobin
E is found confined to Bengal and Assam in India and findings of this gene
in other parts of the country have to be accepted with caution.’ This is ex-
emplified from the study presented on ‘A.R. family. It is said that I-1
(AR) the head of the family hails from Himatnagar near Ahmedabad and
conventionally the finding of haemoglobin E in the family would be con-
strued as found in that area. Careful interrogation revealed that the late
maternal grand-mother of the propositus of this family originated from
Bengal, which is a fair indication of the origin of haemoglobin E gene in this
family through the mother.

The electrophoretic pattern found in double heterozygosity for thalas-
saemia and haemoglobin S is almost indistinguishable from that seen from
. homozygous sickle cell diseases. Suppression of the expressivity of haemo-
globin A by thalassaemia gene is the explanation given for such findings where
this gene is associated in double heterozygous state with abnormal haemoglo-
bin. The various thalassaemias encountered by us in Bombay, where haemo-
globin abnormality is involved, included haemoglobin D-thalassaemia, haemo-
globin J-thalassaemia, and thalassaemia with gene for high foetal haemoglobin.
Haemotological data on the 13 cases in this group is presented in the table
for comparison. It will be seen that the degree of anaemia is most in haemo-
globin E-thalassaemia, progressively less in sickle cell thalassaemia, thalassae-
mia with high foetal haemoglobin, thalassaemia-haemoglobin D and lastly tha-
lassaemia-haemoglobin J. Anaemia with variable severity was noticed amongst
the cases within each of the group. Foetal haemoglobin content varied in
these groups. It is well known that in thalassaemia major, foetal haemoglobin
varies from 35 to 909% of the total haemoglobin.. In thalassaemia-haemo-
globin E diseases foetal haemoglobin ranges from 10 to 40% and the three
cases reported here showed 30 to 38%. High foetal haemoglobin up-
to 609% is seen in the newly established syndrome, a double heterozygous
state, with thalassaemia and high foetal gene. Our cases show 40 to 60% in
two individuals reported. Similar high foetal contents were seen in cases
investigated at Liberia.® High foetal trait is evidenced by the persistence
of high foetal haemoglobin in the absence of any haematological abnorma-
lity, target cells, microcytosis and decreased fragility. Foetal haemoglobin
in thalassaemia-haemoglobin S is found to vary from 5 to 25% while in our
cases it varied from 15 to 25%. Our cases of thalassaemia-haemoglobin D
showed 0.6 to 6% of foetal haemoglobin. In all these cases the gene action
of thalassaemia resulting in the suppression of adult haemoglobin and resul-
tant enhancement of abnormal haemoglobin production is noticeable. Thalas-
saemia-haemoglobin J stands as an exception to this. It may be mentioned
that haemoglobin J falls into the category of fast moving haemoglobin while
the others mentioned above are with mobility slower than adult haemoglo-
bin in alkaline medium. In the case of haemoglobin J in association with
thalassaemia, a solitary example reported, shows no suppression of haemo-
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globin A or increase in foetal haemoglobin. Study on more cases would be
necessary before any conclusion is drawn on this exceptional finding. In this
connection, it may be said that in haemoglobin H-thalassaemia where haemo-
globin H is a fast moving component, no suppression of haemoglobin A is
noticed. Perhaps haemoglobin H falls in a different category as this haemo-
globin is not found singly in heterozygous state. Variability of foetal haemo-
globin found in the different syndromes poses a question whether this is a
direct result of the action of thalassaemia gene or incidental, being the result
of suppression of adult haemoglobin by this gene. It has been suggested by
Rich® that foetal haemoglobin is produced to compensate for the marked
decrease in the amount of normal adult haemoglobin synthesised by people
with thalassaemia major. In normal infants a switch-over mechanism exists
which causes foetal haemoglobin production to be replaced completely by
adult haemoglobin production within about 6 months of birth. On the
other hand, certain factors are believed to enhance the expressivity of haemo-
globin F and among these thalassaemia is most active. Great variability of
thalassaemia in clinical manifestations and haematological abnormality sug-
gests that there is not one kind of thalassaemia minor or major but more,
one of which may be responsible for the expression of foetal haemoglobin.
Findings of persistently high foetal haemoglobin with no haematological ab-
normality and inherited in three generations in the family studied by us, sup-
ports the existence of a separate gene for high foetal haemoglobin. Evi-
dence of this gene being independent of thalassaemia gene is found in the case
reported wherein this gene was associated with sickle cell trait. So far, gene
for high foetal haemoglobin has been reported only in Negroes, and finding
of this gene in Bombay among a Christian family is interesting. Consider-
ing the clinical severity of various thalassaemia syndromes, cases of thalas-
saemia-haemoglobin D seem to be least affected in spite of the suppression of
adult haemoglobin, the difference being the lower concentration of foetal
haemoglobin in them. Of the individuals investigated, two were adults who had
children. Our studies indicate that there is a close bearing on the clinical
severity and foetal haemoglobin content present in them. Further data may
be necessary to draw a definite conclusion. Haemoglobin D is reported to
exist in three forms (Da, DB & Dx) having same properties when studied
by the physical method available, but differing in the finer composition of
the poly-peptide chains. Haemoglobin D found in the Punjab is said to be
D¥ form and it would be interesting to know the form to which haemoglobin
D found in Bombay belongs and if found to be ¥ type, its relationship with
thalassaemia. As long as genetics of thalassaemia are not fully unravelled,
thalassaemia syndromes would remain, interestingly enough, a problem to
clinicians and geneticists.

SUMMARY
Two groups of thalassaemia syndromes associated with abnormal haemo-
globins are presented in detail. The first group consists of three cases in
two Gujarati-speaking families where haemoglobin S is involved. Of this,
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one is of special interest being found in a caste Hindu (Dasasimali Bania).
The second group presented gives evidence of interaction of haemoglobin E
with thalassaemia in three cases from a Muslim family. | Other thalassaemia
syndromes encountered in Bombay include association: of thalassaemia with
(a) haemoglobin D, (b) haemoglobin J and (c) high foetal trait. Some
salient features of these various syndromes with special reference to haema-
tological and genetical aspects of these conditions are discussed.

ACKNOWLEDGMENTS

We are grateful to Dr. V. R. Khanolkar, Director, Indian Cancer Research Centre, Parel,
Bombay, for his encouragement and interest in this investigation.

REFERENCES

. Benzer, S., Ingram, V.M., and Lehmann, H.: Three variants of human haemoglobin D.
Nature, 182: 852, 1958.

. Chatterjea, J.B., Saha, A.K., Ray, R.N., and Ghosh, S.K.: Haemoglobin E-Thalassemia
disease. Ind. Jour. Med. Sci. 11: 553, 1957.

. Chatterjea, J.B., Swarup, S., Ghosh, S.K., and Ray, R.N.: Hb S-Thalassemia disease in
India. Jour. Ind. Med. Assn. 30: No. 1, 4, 1958.

. Davies, G., Levin, B., and Oberholzer, V.G.: The microestimation of serum iron and
iron binding capacity in normals and disease. JI. Clin. Path., 5: 312, 1952.

. Nail, SK., Kothari, B.V., Jhaveri, C.L., Sukumaran, P.K., and Sanghvi, L.D.: Fatal
haemolytic anaemia presumably due to the combination of sickle cell Thalassaemia genes.
Ind. Jour. Med. Sci., 11: 244, 1957.

. Oslen, E.B., Oslen, K., Livingstone, F.B., Cohen, F., Zuelzer, W.W., Robinson, A.R., and
Neel, J.V.: Thalassaemia in Liberia, Brit. Med. J1,, i: 1385, 159.

. Parekh, J.G.: Hereditary haemolytic anaemia. Jour. J.J. Hosp. & Grant Med. Coll., 2:
1, 1957.

. Rich, A.: Studies on the haemoglobin of Cooley’s anaemia and Cooley’s trait. Proc.
Nat. Acad. Sci., 38: 187, 1952.

. Sanghvi, L.D., Sukumaran, P.K., and Lehmann, H.: Haemoglobin J trait in two Indian
women associated with thalassaemia ine one., Brit. Med. J1., 2: 828, 1958.

. Shukla, R.N., Solanki, B.R., and Parande, A.S.: Sickle cell disease in India. Blood. 13:
552, 1958.

. Singer, K., Chernoff, A.L,, and Singer, L.: Studies on, abnormal haemoglobins I. Their
demonstration in sikle cell anaemia by means of alkali denaturation. Blood. 6: 413, 1953.

. Sukumaran, P.K., Bhatia, H.M., Sanghvi, L.D., and Shah, P.N.: Interaction of Thalas-
saemia and high Foetal Traits: A family study. Paper presented at the Assn. Teaching
Pathologists, June 27, 1959.

. Sukumaran, P.K., Sanghvi, L.D., and Nazareth, F.A.: Haemoglobin D-Thalassemia. Acta
Haemat., 23: 309, 1960.

. Sukumaran, P.K., Sanghvi, L.D., and Vyas, G.N.: Sickle cell trait in some tribes of
Western India, Curr. Sci. 25: 290, 1956.







Reprinted from “The Journal of the Association of Physicians of India”,

July, 1978, Vol. 26, No. 7




Ji. Asso. Phys. Ind. Vol. 26, July, 1978

THALASSAEMIAS

P. K. Sukumaran

Cooley and Lee! in 1925 described a
type of blood disorder of infancy and
childhood showing chronic progressive
anaemia, characteristic facies, spleno-
megaly and familial incidence. Findings
of this disease in the Mediterranean re-
gion led to the introduction of the term
“Thalassaemia’ (thalassa, the sea-}
haima, blood). The clinical severity of
the conditions classified under thalas-
saemia is however, highly variable. At
one extreme thalassaemia causes death in
utero and ranges from death in children
through chronic anaemia to the other
extreme when it is asymptomatic and
virtually wundiagnosable. Nevertheless,
they are all characterized by reduced
rate of synthesis of varying degree of one
or the other of the globin chains of the
haemoglobin.

Thalassaemias are spread widely
throughout the world population, The
geographical distribution of the gene
offers evidence that heterozygotes are
protected against malaria, though the
nature and timing of the protective effect
are still not clear. Because of the fre-
quency and severity of the anaemia in the
homozygous state, such conditions pro-
duce major public health problems in
many countries. In spite of the better
knowledge of the basic defect of the
disease the treatment still remains large-
ly symptomatic and empirical.?

Heterogeneity of Normal Human
Haemoglobin

Human haemoglobin is heterogeneous.

Scientific Officer, Cancer Research Institute,
Tata Memorial Centre, Parel, Bombay 400 012.

8

All the normal human haemoglobins have
one pair of o-chains and another pair of
non-e-chains. In adult haemoglobin, Hb
A  (a2Bs) forms about 97%; Hb A
(az85) about 2.5% and traces of Hb F
(a2y2) are found. In intrauterine life Hb
F forms the major component and there
are also Hb Gowers (ases): Hb Portland
(%»v2) and Hb Gower; (g2¢s). Globin
chain synthesis during human develop-
ment is shown in Fig. 1. It is now known

Percentage of
total globin synthesis

Yt Py
122 18 24 30 35 42 4
Post-natal age
{weeks)

’r T T T T T " §
6 12 18 24 . % os
Post-conceptual age Birth
{weeks)

a, B, v, 8, € and .refer to.types of globin chain. Interrupted lines
show the probablg pattern of globin synthesis in early fetuses, the
C-chain pattern being based on the assumption that Hb Gower | has

the composition Lze; (Huehns & Farooqui, 1975)

Fig. 1. Globin chain synthesis during human

development (Ref. No. 28).

that there are single loci controlling the
structure of the B- and d-chains. In the
case of 7y-chains there are two forms
which are products of separate structural
genes. Evidences indicate the presence
of more than one locus on the same
chromosome controlling «-chains atleast
in some population. Recent DNA/DNA
hybridization data are consistent with
these views.?

Classification of Thalassaemias

Disorders of haemoglobin in thalas-
saemia are due to the reduced rate of
synthesis of one or more of the globin
chains of the haemoglobin leading to un-
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balanced globin chain synthesis. Un-
balanced synthesis of globin chains has
been demonstrated in peripheral blood
reticulocytes by measurement of the in-
corporation of a radio-active amino acid
into the globin chains.

There are no electrophoretically dis-
tinguishable abnormal haemoglobins pre-
sent. Most of the clinical features of
thalassaemias can be attributed to the
deleterious effects on erythropoiesis
caused by the precipitation of the globin
chains that are produced in excess.
Commonly found thalassaemias are those
affecting B-chain synthesis (B-thalas-
saemia) and those affecting o-chains
(a-thalassaemia). There are also those
involving other globin chains namely v
and 8 -chains and their combination with
other chains. Other genetically deter-
mined conditions that need consideration
are the hereditary persistence of foetal
" haemoglobin (HPFH) and those resulf-
ing from fusion of globin chains (Hb
Lepore §B-crossover; Hb Kenya vB-
crossover). In areas where there are
structural haemoglobin variants. (Hbs S,
C, D, E, Q) and thalassaemia, the latter
existing in combination with haemoglobin
variants are liable to present difficulties
in diagnosis.

B-thalassaemia. There is considerable
variability in the genetic and clinical
manifestations of B-thalassaemia. In
true B-thalassaemia B-chain synthesis
alone is affected. Those in which there
appears to be a total absence of B-chains
are called B°-thalassaemia and those
wherein some B-chains are produced are
B+-thalassaemia.  Available evidences
suggest that there is a defect in transcrip-
tion or mRNA processing which results
in complete absence of B-chain mRNA
- production in B°-thalassaemia while in

B+ -thalassaemia there is reduced activity

THALASSAEMIAS

of viable mRNA.+5 The levels of

haemoglobin A is variable in B -thalas-
saemia. Their severity is also variable.
Beta®-thalassaemia is severe requiring
blood transfusions. Even in this group
heterogeneity is reported using a variety
of techniques.® :

_ Thalassaemia major or Cooley’s anae-
mia, a homozygous condition, is charac-
terized by the onset of anaemia at about
three months of life. Progressive anae-
mia, splenomegaly and hepatomegaly,
characteristic bone changes and stunted
growth are the main manifestations. As
age advances they may suffer from endo-
crine deficiencies, liver damage and final-
ly die of cardiac failure due to haemo-
chiomatosis of the cardiac muscle. Child-
ren with thalassaemia intermedia, a clini-
cally mild disease, may grow and develop
normally although they have spleno-
megaly and associated skeletal changes.

Blood picture is characteristic with
marked hypochromia, nucleated red
cells, reticulocytosis and marked ery-
throid hyperplasia of the bone marrow
presenting typical X-ray changes. In-
clusion bodies made up of precipitated
w-chains in red cell precursors in the
bone marrow can be seen when stained
with methyl violet.” Peripheral blood
contains variable amounts of foetal hae-
moglobin ranging from 20-100% of the
total haemoglobin depending on the type
of thalassaemia. Pathophysiology of
R-thalassaemia is schematically represent-
ed in Fig. 2.

Individuals with thalassaemia minor
are fit, but they may occasionally pre-
sent with severe anaemia when addi-
tional strain is thrown on the haemo-
poietic system. They may show severe
anaemia when associated with malnutri-
tion, parasitic infestations or chronic in-
fection, Thalassaemia carriers may deve-
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Fig. 2. A schematic representation of the
pathophysiology of B-thalassaemias.

Iop quite significant anaemia during
pregnancy and this may lead to abortions
at times.

Blood picture in thalassaemia traits
show microcytosis, hypochromia and can
be mistaken for iron deficiency. Serum
iron studies show normal values. Osmotic
fragility is decreased and there is a
definite increase of Hb A, levels. Iron

deficiency causes a decrease in Hb A,’

levels and in B-thalassaemia trait with
iron deficiency, Hb A, levels may go
down to normal levels.®® Hb F may or
may not be raised, depending on the gene
variability of the condition.

Present day management of thalas-
saemia is based on correcting recurrent
anaemia and its effects by repeated blead
transfusions for life. The effect of i=on
overload is eleminated with chelaling
agents. A new iron-chelating agent that
can be taken by mouth (2, 3 dihydrxy-
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benzoic acid) now undergoing clinical
trials seems to be promising.!® In view
of the limited scope of treatment, recent
advances with intrauterine diagnosis: of
thalassaemia and subsequent therapeutic
abortions may become more practical in
future.

A gene for common abnormal haemo-
globin variants (Hbs S, C, D and E) can
exist in the same individual with B-thalas-
saemia gene as double heterozygote. In
such cases little or no Hb A will be found
and sometimes may be mistakenly diag-
nosed as homozygotes for abnormal hae-
moglobins.

Though BT -thalassaemia is the com-
mon type found in the West, B°-thalas-
saemia is said to be most common among
the Orientals, considering the severity of
the disease.

3 B-thalassaemia and Hb Lepores: This
form of thalassaemia is the result of the
defective synthesis of 8-and B-chains.
As a result of this, heterozygotes show
Hb A, Hb A, and Hb F. Levels of Hb F
may range from 5 to 20%. In homozy-
gotes only Hb F is seen with no Hb A
and Hb A,, and may have clinical find-
ings similar to thalassaemia intermedia.
Distribution of Hb F in red cells is
heterogeneous. Beta-thalassaemia  as-
sociated with 3 B-thalassaemia show ex-
tremely variable clinical features with
haemoglobin ranging from 5 to 13 gm%
with Hb F in the range of 40 to 80%. Hb
A, is normally low and Hb A may or may
not be demonstrable.

Hb Lepore is a haemoglobin containing
{wo normal a-chains paired with two

abnormal chains.. Each of the abnormal
chains consists of an initial segment of
normal 3-chain terminated by part of the
normal B-chain and characterized as
as(5B).. (3B).. Different Hb Lepores are
known, each having a crossover at differ-
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ent positions. Homozygotes show Hb F

and Hb Lepore with absence of Hb A and.

Hb A,. Clinical manifestations of this
condition resemble B-thalassaemia major.
Examples of a,(B3), haemoglobins with
N-st terminal B-chain sequences and C-
terminal 8-chain sequences are known,

THALASSAEMIAS

has shown that there are two chemically
distinct varieties differing in sequence at
one position; one chain has glycine (Gv-
chain) and the other alanine (Ay-chain)
at position ¥ 136. Amino acid analysis of
peptide YCB3 derived from C-terminal 13
residues of the y-chain has the following

and designated as Hbs Anti-Lepore.? Data sequence:
based on haemoglobin synthesis studies
on some B- and .3B-thalassaemia and re-

lated disorders are shown in Table 1.

135 140
Val-Thr-Gly (or Ala) Val-Ala-Ser-Ala-

TABLE L—The B- and 6B-thalassaemia and related disorders

Type of thalassaemia Homozygote Heterozygote

Thal. minor
Raised Hb A,
Thal. minor; Hb F 5-15%
Hb A, normal

Thal minor

Raised Hb A,

Thal. minor

Raised Hb A,

Thal. minor; Hb F 5-12%
Raised Hb A,

Thal. minor

B-thal® Cooley’s anaemia

; Hbs B A
Cooley’s anaemia
Hb F only

: ek : Cocley’s anaemia
Lo Hps A= I L Ag
Thal. intermedia
Hbs'A & F 4 A,
Thal. intermedia
Hbs A + F + A,
Cooley’s anaemia
Hbs F -+ Lepore

( 5 B)-thalo

B-thal . (Negro)

Bthal (ligh )
6f3-Lepore

Not described

“5B-thal - (silent)

Excess a-chain
production:

Not described

Hbs. A + Lepore + A,
Minimal blood changes
Normal Hbs F and A,
Thal. intermedia and
inclusion bodies

Raised Hb A,

Reference No. 29.

Hereditary persistence of foetal hae-
moglobin (HPFH): This is a condition
in which process of switching-off of
the 7-chain and turning-on of the B-and
8'~chain production fail to occur. This
results in the continued production of
Hb F in adult life. = Heterozygotes for
this condition are found distributed
across Africa (where it was first describ-
‘ed), the Mediterranean, India to South
East Asia. Homozygotes are rather rare,
while double heterozygotes along with
abnormal Hbs S, C or E as well as
$3-thalassaemia are found.

Structural analysis of v-chain of Hb F

145
Leu-Ser-Ser-Arg-Tyre-His.

Based on the structural differences, Hb
F can be atleast of three types (Gv;
Ay and Gy Ay) and depending on the
amounts of Hb F they can be fur-
ther classified.!! One important find-
ing in HPFH condition is the pat-
tern of distribution of Hb F in the red
cells, which is homogeneous in contrast
to other conditions showing raised Hb F.
In the latter the distribution is in separate
population indicating the clonal nature.
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HPFH with B-thalassaemia in double
heterozygous state can be mistaken for
B-thalassaemia major. A more benign
clinical course combined with a family
study will place the diagnosis beyond
doubt. A form of HPFH in which Hb F
is homogeneously distributed is Hb
Kenya consisting of N-terminal residues
of the y-chain fused to C-terminal residue
of the B-chain.*?

Recently a new type of foetal haemo-
globin carrying a replacement of iso-
leucine with threonine at position 75
(E19) of the y-chain has been described.
Possibility that the v-chain with threo-
nine at position 75 (Ty-chain) represents
the product of an additional v locus has
been suggested.l® Further classification
of Hb F based on the above findings can
be rewarding.

a-thalassaemia: There are distinct
genes called o-thalassaemia 1 (e-thal 1);
e-thalassaemia 2 (a-thal 2) and Hb Con-
stant Spring (Hb CS) responsible for
different types of a-thalassaemia wherein
a-chain synthesis is found to be impaijr-
ed.t.2* Gene for o-thal 1 is completely
inffective in directing «-chain synthesis
while a-thal 2 and Hb CS are responsible
for only reduced rate of production of
a-chains and thus less severe. Confirma-
tion on the molecular defect in these
forms of o-thalassaemia comes from
studies of DNA/RNA hybridization and
also hybridization to complementary
DNA probes using pure globin mRNA
with viral reverse transcriptase techni-
ques.®

Homozygote for o-thal 1 is incompatible
with life and results in hydrops foetalis
—a common cause of intrauterine deaths.
Affected infants carry only Hb Bart’s
(vs) Hb H (B4) and Hb Portland (S; Y»).
Double heterozygous state for eo-thal 1
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and e-thal 2 or o-thal 1 and Hb CS result
in Hb H disease.

Infants with hydrops foetalis due to
a-thal 1 homozygozity show . oedema,
anaemia, massive enlargement of liver
and spleen. Blood picture is that of
severe thalassaemic disorder. Haemo-
globin analysis reveals about 80% Hb
Bart’s and small amounts of Hb H and
Hb Portland. Hb H disease (a-thal 1
and o-thal 2 or «-thal 1 and Hb CS) pre-
sents clinical features of thalassaemia in-
termedia with typical thalassaemic blood
picture. Precipitated Hb H (B.) inside
red cells are seen as inclusion bodies.
Low levels of Hb Bart’s and Hb A, are
also found. Where Hb CS is involved
traces of this halmoglobin is also found.
Carrier state of o-thal 1 shows only
mild  haematological changes with
low MCH while o-thal 2 carrier
shows almost normal red cells. Hb CS
trait shows this haemoglobin which is an
elongated a-chain of 172 residues as a re-
sult of termination mutation. Normally
a-chain termination codon at position 142
is UAA and in the case of Hb CS it
undergoes mutation by a single base
change to CAA, a codon for glutamine,
which is the first amino acid for the addi-
tional 31 residues in this haemoglobin.!®
A brief classification of a-thalassaemias is
shown in Table 2.

Thalassaemias in India

In India thalassaemia was first reported

in a 23 year old Bengali boy.!® Since
then reports of thalassaemia were record-
ed from different parts of this coun-
try.l1% 18 They included mostly collected
series of cases seen at hospitals and be-
longed to different communities. Very
little information is available on the in-
cidence of thalassaemia based on studies
in different endogamous groups. Even
the limited data provide credence to the




TABLE 2—The Alpha-thalassaemias
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Clinical

Hb Bart’s
Severity i

in
Cord Blood
(%)

Adults

%)

Hb H in

o

a-thal 1

a-thal 2

a-thal 2 a-thal 2
a-thal 1 a-thal 1

a-thal 1 a-thal 2
a a-CS
a-thal 1 «-CS

Normal

Thal. minor
“Silent”

Thal. minor
Hydrops fetalis

Hb H disease 4-30
Nil 0 0
Hb H disease 13-19

Hb A =
Hb Portland

1% Hb CS
Hb CS 2.5%

a-CS a-CS Thal. minor

. Hb CS,5—6%

Hb Constant Spring (Hb CS) is an a-chain termination mutant.

Koya Dora and Hb Seal Rock.

Others are Hb Icaria; Hb

* Hb H disease found in some population (Ref. No. 30).
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Fig. 3. Pedigree of a Gujarati (Halai Lohana)
family showing all four children suffering from
B-thalassaemia major.

fact that thalassaemia is widely distribut-
ed in this country.

In the absence of any information on
the globin chain synthesis and other
related studies classification of thalassae-
mia on molecular basis has not been
possible. However, based on the clinical
severity, very ‘early onset of the disease
requiring repeated blood transfusions,
marked haematological abnormality toge-

ther with Hb F' and Hb A, status, most of
the thalassaemia cases appear to be
B°-thalassaemia. Less severe cases were
also reported answering the description of
3 +-thalassaemia and related variants.
An example of a severe type of B-thalas-
saemia in all the four children requiring
blood transfusions at frequent intervals
in a Gujarati (Halai Lohana) familiy
depicted in a pedigree is shown in Fig. 3.
Pedigree of another, a Sindhi family,
showing only two out of ten children
suffering from B-thalassaemia major is
shown in Fig. 4. These two children re-
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Fig. 4. Pedigree of a family with two of the
ten children suffering from B-thalassaemia
major (mild type).
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ceived no blood transfusions since the
diagnosis six years ago when one among
them (the proband) was hospitalised and
given blood transfusion.

Information on some ethnic groups for
B-thalassaemia trait has shown that it is
comparatively higher in some of them.
Data on B-thalassaemia incidence  is
shown in Table 3. More planned retro-
spective studies are indicated considering
‘the heterogenicity of our population.

TABLE 3.—Beta-thalassaemia
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tion on the exact point of fusion was not
elucidated.?® :

Hereditary persistence of foetal haemo-
globin (HPFH) in heterozygous state
and double heterozygosity for HPFH
and B-thalassaemia, as well as with Hb E
were reported.l”. 2! Chemical examina-
tion of the y-chain in some such cases in-
dicated the presence of Gy as well as
A% G ¥types. One case of homozygous
Gy-type, first known so far, was dectect-

trait in some Indian population

B-thalas-
saemia
trait
per cent

Number
tested

Sikh (Vancouver)

Bengali (Calcutta)

Cochin Jews (Israel)

Bnei Jews Israel)

Cutchi Bhanusali (Bombay)

Mixed group (Trivandrum)

G. S. Brahmin (Mangalore)
1] 9 (Bombay)

Chitrapur Saraswat (Bombay)

G. C. Brahmin* (Bombay)

Cutchi Lohana (Bombay)

Halai Lohana (Bombay)

Sindhi Lohana (Bombay)

Punjabi Khatri (Bombay)

Sindhi (Ulhasnagar, Thana)

Varli*# .

Dhodia**

Kokana**

80
100
66

6.3
3.7
15.2
13.9
14.9
0.6
0.9
2.6
5.9
4.3

296
1000

154

194
82
134
80
84

* Goan Catholic Brahmin. *

Among the variants of B-thalassaemia
seen in this country include 8 B-thalas-
saemia in heterozygous as well as with
B-thalassaemia seen in Bombay. Some
atypical cases with presumptive diagnosis
of various combinations (B9 /«;B/a; /B3B8
andd B -homozygous) were reported from
Calcutta.l? 1°

Haemoglobin Lepore resulting from a
cross-over of B-chain was detected in a
family from Coondapur, though informa-

#*% From Dadra & Nagar Haweli.

ed in a Muslim (Davoodi Bohra) family
in Bombay.?% 28

Other variants of B-thalassaemia re-
ported include those existing in combina-
tion with B-chain haemoglobin variants

(Hbs S, D, E and J). Beta-thalassaemia
cases with Hb S reported were mostly
severe although few cases in adults with
minimum clinical manifestations were
also found. An o-chain haemoglobin
variant designated as Hb Q India (af4—
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Asp_sHis) was found along with B-thalas-
saemia in a few Sindhi-speaking families
in Maharashtra.l?% 19

Very little information is available of
the existence of a-thalassaemia in Indian
population. First case of Hb H disease
(a102) was reported from Calcutta.?
Two more such cases were found in
Western India.?s. 2¢ Haemoglobin H in-
clusion. bodies in one such case is shown
in Fig. 5. Limited studies on cord blood
samples indicate that o-thalassaemia is
not uncommon. A recent study using
globin chain synthesis technique carried
out showed the presence of a-thal 1 in
some Gujarati Indians in U.K 2" Informa-
tion on o-thalassaemia in Indian popula-
tion based on cord blood studies is shown
in Table 4.

TABLE 4.—Alpha-thalassaemia in Indian population

THALASSAEMIAS

of detailed family studies and wherever
necessary globin chain synthesis studies
are stressed, for better evaluation of
some of the atypical cases seen in this
country. Most of the thalassaemias seen
are of B-type and its variations although
evidence for the presence of o-thalassae-
mia-~ exists as seen from cord blood
studies.

ACKNOWLEDGEMENT

Grateful thanks are due to Dr. L. D. Sanghvi,
Head, Epidemiology Division, Cancer Research
Institute, Tata Memorial Centre, Parel, Bombay,
for his continued encouragement in these
studies. Thanks are also due to my colleague
Miss Homai R. Master for help in preparing this
paper.

REFERENCES

1. Cooley, T. B. and Lee, P.: Series of cases

No. of Hb. Bart’s
Group Cord Bloods (Number) References
tested
Bengali 109 4 39
Bombay (Mixed group) 438 9 26
Bombay (Mixed group) 219, 2 18
Bombay (Mixed group) 240 1 40

Alpha-thalassaemia 1 reported in Gujarati Indians (Ref. No. 27).

CONCLUSIONS

Thalassaemias are spread widely
throughout the world and is a major
public health problem in many countries.
Commonly found thalassaemias are
B-thalassaemia and o-thalassaemia. They
are further classified into subgroups us-
ing globin chain synthesis and nucleic
acid hybridization techniques. Still much
is to be understood of the molecular basis
of different thalassaemias. Information so
far available is briefly described.

Various types of thalassaemia seen in
India are presented in brief. Importance

of Splenomegaly in children with anaemia
and peculiar bone changes. Trans. Amer.
Pediatr. Soc. 37: 29, 1925.

2. Lehmann, H. and Huntsman, R. G
“Man’s Haemoglobins”, Amsterdam,

_ North-Holland Publishing Co., 1974.

3. Nienhuis, A. W. and Anderson, W. F.:
The Molecular Defect in Thalassaemia.
In: Clinics in Haematology (Weatherall,
D. J. ed), Londan, W. B. Saunders, 3:
437, 1974. :

4. Forget, B. G., Baltimore, D., Benz, E. J.,
Housman, D., Lebowitz, P., Marotta, C. A.,
McCaffrey, R. P., Skoultchi, A, Sward-
low, P. S., Varma, I. M. and Weisman,
S. M.: Globin Messenger RNA in the
Thalassaemia Syndromes. Annals N.Y.
Adad. Sci. 232: 76, 1974.



Jr. Asso. Phys. Ind. Vol. 26, July, 1978

10.

11,

2

13

14.

15

16.

Clegg, J. B.: The Molecular Defect in
Thalassaemia. Postgrad. Med. J. 52: 97,
1976.

Weatherall, D. J. and Clegg, J. B.: “The
Thalassaemia Syndromes”, Oxford, Black-
well Scientific Publications, 2nd Edn,
1972.

Fessas, P.: Inclusions of haemoglobin in
erythroblasts and erythrocytes of thalas-
saemia, Blood 21: 21, 1963.

Sukumaran, P. K, Sanghvi, L. D. and
Nazareth, F. A.: Haemoglobin D-Thalas-

saemia. A report of two families. Acta
* Haematal._ 23: 309, 1960.
Wasi, P., Disthasongchan, P. and Na-

Nakorn, S.: The effect of iron deficiency
on the levels of haemoglobin A, and E, J.
Lab. Clin. Med., 71: 85, 1968.

Patterson, .C: M. . Graziane, J. H.,
Grady, R. W., Jones, R. L., Vlassara,
A. V., Canale, V. C., Miller, D. R. and
Cerami, A.: Chelation studies with 2, 3-
dihydroxybenzoic acid in patients with
B-thalassaemia major, Brit. J. Haematol.,
33: 477, 1976.

Schroeder, W. A., Huisman, T. H. J.,
Shelton, J. R., Shelton, J. B., Kleihauer,
E. F., Dozy, A. M. and Robberson, F.:
Evidence of multiple structural genes for
the y chain of human fetal haemoglobin,
Proc. Nat. Acad. Sci., 60: 537, 1968.
Huisman, T. H. J., Wrightstone, R. N.
and Wilson, J. B., Schroeder, W. A. and
Kendal, A. G.: Haemoglobin Kenya, the
product of fusion of y and B polypeptide
chains, Arch. Biochem. and Biophys.,
153: 850, 1972.

Ricco, G., Mazza, U., Turi, R: M., Pich,
P. G., Camaschella, C., Saglio, G. and
Bernini, L. F.: Significance of a New
Type of Human Fetal Hemoglobin Carry-
ing a Replacement Isoleucine—Threonine
at Position 75 (E19) of the y Chain, Hum.
Genet., 32: 305, 1976.

Wasi, P., Na-Nakorn, S. and Pootrakul,
S': The a-thalassaemias. In: Clinics in
Haematology (Weatherall, D. J. ed.),
London, W. B. Saunders, 3: 383, 1974.
Clegg, J. B., Weatherall, D. J. and
Milner, P. F.: Haemoglobin Constant
Spring—A chain termination mutant?,
Nature (London), 234: 337, 1971.

Mukherji, M.: Cooley’s Anaemia (Ery-

Ak

19

20.

21

23

24.

635
throblastic or Mediterranean Anaemia),
Indian J. Ped., 5: 1, 1938.

Chatterjea, J. B.: Haemoglobinopathies,
Glucose-6-Phosphate Dehydrogenase De-
ficiency and Allied Problems in the Indiarn
Sub-Continent, Bull. World Health
Organ., 35: 837, 1966.

Sukumaran, P. K. and Master, H. R.:
The Distribution of Abnormal Haemo-
globins in Indian Population. In: Human
Population  Genetics in India, Proceed-
ings of 1st Conf. Indian Society of Human
Genetics (Sanghvi, L. D., Balakrishnan,
Voo, Bhatia, H. ‘M., Sukumaran: P, K.
and Undevia, J. V. eds.), Bombay,
Orient Longmans Ltd., Vol. 1: 91, 1974.
Sukumaran, P. K.: Thalassaemia and its
Variants Observed in Bombay. In: Inter-
national Istanbul Symposium on Abnor-
mal Haemoglobins & Thalassaemia (Aksoy,
M. ed.), Ankara, Turkey, Ataturk
Bulvari, Kavaklidere, n. 377, 1974.
Chouhan, D, M., Sharma, R. S. Vakil,
B. J. and Parekh, J. G.: Haemoglobin
Lepore in an Indian family, J. Indian
Med. Assoc., 56: 287, 1971.

Sukumaran, P. K.: Abnormal Haemo-
globins in India. In: Trends in Haemato-
logy (Sen, N. N. and Basu, A. K. eds.).
J. B. Chatterjea Memorial Volume, Cal-
cutta, Calcutta School of Tropical Medi-
cine, p. 225, 1975.

Sukumaran, P. K., Huisman, T. H. J.,
Schroeder, W. A., McCurdy, P. R,
Freehaffer, J. T., Bouver, N., Shelton, J.
R., Shelton, J. B. and Apell, G.: A
Homozygote for Hb Gy Type of Foetal
Haemoglobin in India: A Study of Two
Indian and Four Negro Families, Brit. J.
Haematol., 23: 403, 1972. ;
Schroeder, W. A., Huisman, T. H. J.
and Sukumaran, P. K.: A Second Type
of Hereditary Persistence of Foetal Hae-
moglobin in India, Brit. J. Haematol.,
25: 131, 1973.

Chatterjea, J. B.: Haemoglobin H-Thalas-
saemia, Bull. Calcutta Sch. Trop. Med.,
9: 93, .1961.

Parekh, J. G., Chouhan, D. M., Sharma,
R. S., Sukumaran, P. K. and Weatherall,
D. J.: Haemoglobin-H disease in Western
India, Abstracts, IV Congr. Asian &
Pacific Soc. Haematol., New Delhi, 23,
1967. :




Chouhan, D. M., Sharma, R. S. and
Parekh, J. G.: Alpha-thalassaemia in
India, J. Indian Med. Assoc. 54: 364,
1970.

Walford, D. M. and Deacon, R.: Alpha-
Thalassemia Trait in Various Racial
Groups in the United Kingdom: Charac-
terization of Variant of a-thalassaemia in
Indians, Brit. J. Haematol., 34: 193, 1976.
Huehns, E. R. and Farooqui, A. M.:
Oxygen dissociation properties of human
embryonic red -cells, Nature (London),
254: 335, 1975.

Weatherall, D. J.: Thalassaemias: Genetic
and Pathophysiological Aspects, Post-
grad. Med. J., 52: 87, 1976.

McNiel, J. R.: Family Studies of Alpha-

thalassaemia and haemoglobin H disease
in Eastern Saudi Arabia, J. Med. Assoc.
Thailand, 54: 153, 1971.

Siddoo, J. K., Siddoo, S. K., Chase, W.
H., Morgan-Dean, L. and Perry, W. H.:
Thalassaemia in Sikhs, Blood, 11: 197,
1956.

Chatterjea, J. B., Swarup, S., Ghosh, S.
K. and Ray, R. N.: Incidence of Haemo-
globin and thalassaemia trait in the
Bengalees, Bull. Calcutta Sch. Trop.
Med. 5: 159, 1957.

Ramot, B., Abrahamov, A., Frayer, Z.
and Gafni, D.: The incidence and types
of thalassaemia trait carriers in Israel,
Brit. J. Haematol. 10: 155, 196¢4.

Mehtsy B € Pave; V. B Joshi, S. R.,
Baxi, A. J., Bhatia, H. M. and Patel,

THALASSAEMIAS

J. C.: Study of Haematological and
Genetical Characteristics  of Cutchi
Bhanusali Community, Ind. J. Med.
Res., 60: 305, 1972.

Pillay, Velayudhan, M. and Krishna Das,
K. V.. Prevalence of haemoglobin
variants in general population of South
Kerala, Proc. Indian Soc. Haematol. &
Blood Transf., p. 23, 1972.

Bhatia, H. M., Shanbaug, S. R., Baxi,
A. J., Bapat, J., Sathe, M. S., Sharma,
R. S., Kabeer, H., Bharucha, Z. J. and
Surlacar, L.: Genetic Studies among
Endogamous Groups of "Saraswats in
Western India, Hum. Hered., 26: 458,
1976.

Bhatia, H. M., Shanbaug, S. R., Baxi,
A. J., Bapat, J. and Sharma, R. S.:
Genetic Studies among the Endogamous
Groups of Lohanas of North and Western
India, Hum. Hered., 26: 298, 1976.
Joshi, S. R., Mehta, M. M., Mehta, D.
M. and Bhatia, H. M.: Genetic studies of
the tribal groups of Dadra—Nagar—Haveli
in Western India, Abstracts, II Annual
Conf. Indian Soc. Human Genetics,
1975.

Swarup, S., Banerji, P. G., Ghosh, S. .
and Chatterjea, J. B.: Haemoglobin
Bart’s in Bengali blood, Bull. Calcutta
Sch. Trop. Med., 13: 47, 1965.

Vora, S., Iyer; P:: 1. Bhapat, M. P.,
Patel, J. C. and Mehta, B. C.: Incidence
of Haemoglobin Bart’s in Cord Blood
Samples, Ind. J. Med. Sci., 29: 205, 1975.

See Fig, Art Paper I







