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The haemoglobinopathies seen in Singa-
pore with any degree of frequency include
Thalassaemia major and minor, Hb.E-Thalas-
saemia and Hb.H-Thalassaemia. Of the 3 cate-
gories Thalassaemia Major and Hb.E- Thalas-
sliemia are of such a severity that few patients
live beyond the age of 20 years with whatever
methods of treatment at present available for
these diseases. In contrast, however, Hb.H-
Thalassaemia is a relatively milder haemolytic
disorder so that it is possible for these patients
to live a normal life span, and as they reach the
age of reproductivity and since they are capable
of procreation, the female patient who is preg-
nant may present with clinical problems both
fQr herself and her infant. It is the purpose of
this article to document the clinical picture of
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the pregnant mother to see if the disease causes
any complications during pregnancy both from
the maternal and foetal points of view and to
see if a rational approach could be evolved in
regard to the obstetric management of such
patients. At the same time, studies of the
infants were made together with studies of the
various members of the family in an effort to
delineate the genetics of the condition.

The 3 main races in Singapore .include
people of Chinese, Malay and Indian stock.
Hb.H-Thalassaemia is essentially a disease
among the Chinese. In a study of haemoglo-
binopathies in Singapore, Wong (1963) over a
period of 4 years found the following racial
distribution in the 3 types of haemoglobino-
pathy seen in Singapore (Table T).
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Thalassaemia Major Hb.E- Thalassaemia Hb.H -Thalassaemia

--

Chinese 22 4 31
---

IMalays 4 19 2

I -

Indians 2 0 0

-
I

-

Others
I

1 0 0

ITotal
I

29 23 33
I ,



From this table, it will be seen that:-
1. Hb.H -Thalassaemia is the common-

est form of haemoglobinopathy seen
in Singapore;

2. Hb.H-Thalassaemia occurs mainly in
Chinese, Hb.E-Thalassaemia in Malays
and that Thalassaemia Major occurs
in all the 3 main races.

Clinically, Hb. H -Thalassaemia patients
normally are midly anaemic with an average

haemolgobin of 9-10Gm %, and many patients
do not seek the advice of doctors at all (Wong,
1958). On examination, except for a mild pal-
lor, they are usually well and not stunted. How-
ever, adult Chinese with the disease are often
darker than normal Chinese adults because of
a mild haemosiderosis. They do not possess
the Mongoloid facies seen so often with Tha-
lassaemia Major and Hb.E-Thalassaemia. Jaun-
dice, if present, is mild and in contrast to the
other 2 haemoglobinopathies patients with Hb.

Hb.H- Thalassaemia Thalassaemia Major Hb.E- Thalassaemia

---- ---

Severity ± +++ ++
- I

Race Chinese All three Malays

Life span Normal Up to 20 yrs. Up to 25 yrs.

Blood transfusions ± +++ ++
--~~

Haemosiderosis ± +++ ++

I~ ---- I- - --

Spleen + ++++ ++++

1-
Intravascular ±Haemolysis

--1- ---

X-ray bone changes + ++++ +++

Inelusion bodies I

with cresyl blue 1-- + --1-
Hb. Constitution A+H A+F E+F

---~- --

Serum iron Raised + Raised ++ Raised ++
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H- Thalassaemia may have episodes of intra-
vascular haemolysis with haemoglobinuria. The
liver and spleen are slightly enlarged, the latter
seldom exceeding 2 fb. below the costal mar-
gin. In fact, in children, a few cases may not
even have palpable spleens. The other 2 haemo-
globinopathies, of course, have spleens reach-
ing down to the iliac crest even at the age of
7-10 years.

Haemotologically, there are many features
in common among the 3 haemoglobinopathies.
For example, the peripheral blood film of a
patient with Hb.H-Thalassaemia also shows
microcytic, hypochromic cells as well as aniso-
poikilocytes, leptocytes and target cells. There
may be a variable degree of reticulocytosis. The
haemoglobin level, as mentioned before, is
between 9-l0Gm % if there are no episodes of
intravascular haemolysis or any other compli-
cations. The cells show an increased resistance
to saline haemolysis. Up to this point, the simi-
larity of Hb.H-Thalassaemia to Thalassaemia
Major and Hb.E-Thalassaemia ends.

The differences in the clinical and haema-
tological features of the 3 main haemoglobino-
pathies is summarised in Table H.

As a result of the increased compensatory
haemopoiesis following on the congenital hae-
moly tic disorder, the haemoglobinopathies
show a widening of the medullary cavity with
thinning of the cortex. Radiologically, this is
very evident in Hb.E-Thalassaemia and Tha-

Fig. 1. Showing the inclusion bodies of Hb-H
Thalassaemia after incubation with brilliant
cresyl blue.

lassaemia Major, and is seen in nearly all
bones. However, because of the mildness of
the disease, Hb.H-Thalassaemia usually shows
these radiological features only in the pha-
langes, where the bones are widened, losing
their "waist" and the widening of the medul-
lary cavity is accompanied by increased radio-
lucency and the presence of small "cystic"
spaces.

Hb.H-Thalassaemia is the only haemo-
globinopathy which can be diagnosed with
certainty without electrophoresis. The cells
are incubated with brilliant cresyl blue and
after 20 minutes large coarse blue "bodies" are
visible in the red cells under a microscope
(Fig. l).

On Hb. electrophoresis using paper or
starch with barbital buffer at pH 8.6, Hb.H is
visible as a fast band, while Hb.E. shows up as
a slow band compared to Hb.A. In Thalas'sae-
mia Major Hb.F is found in large amounts by
the alkaline denaturation method of Singer
(Fig. 2).

'""!!
t' ,

r Hb A+!5w#

t
J

Fig. 2. Starch block electrophoresis in barbitone
buffer at pH 8.6, showing electrophoretic mo-
bility of Hb.F. Hb.H & HbE compared with
Hb.A. Notice the 'slow' Hbs F & E & the
'fast' Hb.H.

With these brief introductory points about
Hb.H-Thalassaemia and the ways in which it
resem bles and differs from Hb. E-Thalassaemia
and Thalassaemia Major, we will now describe
the study of Hb.H-Thalassaemia in pregnant
women as seen in this country with observa-
tions on the other members of the family in an



effort to study the mode of inheritance. Studies
were carried out on 9 pregnant women with
H b. H-Thalassaemia admitted to the Kandang
Kerbau Maternity Hospital over the period
1962-1964.

All the 9 patients have satisfied the criteria
for the diagnosis of Hb.H-Thalassaemia.

A. Diagnosis

It will be seen from Table IV that out of
the 9 cases only two were correctly diagnosed
from the beginning.

Case 1 was investigated as a case of jaun-
dice in the Medical Unit and from the investi-
gations done there, the final diagnosis of Hae-
moglobin H was made, subsequent to that she
became pregnant and was treated as a ca~e of
Hb.H with pregnancy. However, before this
she was also treated as a case of 1ron Deficiency
Anaemia. Case 8 was picked up at the ante-
natal clinic as a case of severe anaemia with
pregnancy and investigation before treatment
showed that the case was one of Haemoglobin
H with pregnancy and she was given only
blood transfusions.

The importance of thinking of this cond-
dition as a cause of anaemia with pregnancy is

Haemoglobin H +
Pregnancy

] ron Deficiency
Anaemia

Haemoglobin H +
Pregnancy

Iron Deficiency
Anaemia

Haemoglobin H+
Pregnancy



seen from Table TV where iron injections did
not improve the anaemia at all and, of course,
iron given to these patients who manifest such
high levels of serum iron are dangerous; and
would shorten their lives considerably.

B. Symptoms:
During the present pregnancy all except

Case 7 complained of some symptoms asso-

ciated with anaemia such as giddiness, weak-
ness of legs, oedema, breathlessness and pallor.
Some of the complaints were mild which are
often encountered among the lower social
income group of pregnant women in Singapore
not suffering from this disease. However, in 4
cases (Cases 2, 4, 5 and 9) they had signs of
early cardiac failure (Table V).

Showing the period of gestation with the onset of symptoms,
related to the Rh. level and the PREGNANCY with the onset of symptoms

I

Onset Of
Case Symptoms

Rh. Level
Mild Symptoms

Rh. Level
Severe Symptoms

Pregnancy
With Symptoms

Another interesting factor which will be
noted in these 9 cases is that in Cases I, 2, 3, 5
and 6 which were followed up for a period of
time all these patients were relatively well bet-
ween pregnancies and the progressive onset of
symptoms became apparent each time the

patients became pregnant (Table Va). Tn the 9
cases, the symptoms were complained of from
the 3rd to 6th months of gestation, and the
symptoms were complained of as early as the
I st pregnancy in Case 7 and as late as the 6th
in Case 9 (Table V).



TABLE VA

Note the lack of Complaints of the Symptoms of Anaemia between Pregnancies

Case Complications Blood Transfusion Complaints of Anaemia
Between Pregnancy Between Pregnancy Between Pregnancy

1. Jaundice No No

2. Nil No No

3. Nil No No

4. Nil No No

5. Ankylostomiasis Peptic Ulcer No No

6. T.E. Abscess Empyema No No

7. Nil No No

8. Nil No No

9. Ankylostomiasis No No

C. Haemoglobin Level:

The haemoglobin levels seen on presenta-
tion at the Kandang Kerbau Hospital are de-
picted in Table VI, which also shows the period
of gestation at which the cases were seen. It will
be seen that Case 9 had a Hb.leve'l of 2.96Gm %,
Cases 2, 4, 5, had 3.4Gm %, Case 6 had 5.62
Gm %, Case 8 had 6.5Gm % and Ca5es 1, 3 and
7 had 7 to 8Gm %. Although there is some
variation in the level of Hb. in the different
patients with Hb.H-Thalassaemia, it may be
taken that these patients usually are used to
an average level of Hb. of approximately 9 to
10Gm %. If a fall to 6Gm % is taken as an arbi-
trary figure for the Hb. level where the anaemia

may be critical then about 50 % of these pa-
tients presented with critical significant anae-
mia at some stage of their pregnancy. This
assumption is also borne out by Table V in
which mild symptoms of anaemia were mani-
fested by Cases I, 3, 6, 7 and 8 who had Hb.
levels of 7.5Gm%, 7.4IGm%, 5.62Gm%, 7.4
Gm %, 6.5Gm % respectively with an average
of 6.88Gm % and severe symptoms were nani-
fested in Cases 2, 4, 5 and 9 with Hb. levels of
3.55, 3.75, 3.84 and 2.96Gm % with an average
of 3.52Gm%.

The cause of the great fall of Hb. in 50 %
of the patients is difficult to explain. It may be
due to episodes of intravascular haemolysis



Case No.
Date seen

Gestation
Weeks

Hb. Retic.
Gm% %

Liver
f.b.

I
21/1/64

2
12/12/62

3
26/2/63

4
21/12/63

I C

5
31/12/63

6
31/12/63

7
19/6/62

8
4/6/64

9
16/7/64

which is known to occur in this haemoglobino-
pathy and occuring more often during preg-
nancy. The possihility of aplastic crises as a
cause is ruled out, because there was a reticulo-
cytosis in the majority and bone marrow stu-
dies revealed a normoblastic hyperplasia in all
the patients (Table VI). However, the co-exis-
tence of an associated megaloblastic anaemia
contributing to the fall in Hb. is real for 2
reasons:

I. Intrinsic megaloblastic anaemia of
pregnancy;

2. Megaloblastic anaemia of haemoglo-
binopathy, which had been seen In
several patients with haemoglobino-
pathy of various types In Singapore

Spleen
f.b.

Serum
Iron

Meg.%

Electro-
Phoresis

Hb.H

Inclusion
Bodies

Megloblastic
Normoblastic

~I
4

(Wong, 1964) due to a relative defici-
ency as a result of increased marrow
activity to offset the haemolytic anae-
mia.

In fact, one such case (Case 4) had an asso-
ciated megaloblastic anaemia which corrected
itself when treatment was instituted as will be
seen from Tahle VI.

D. Hepato-splenomegaly:

As stated in the introduction, the spleen in
this disease condition is usually small as com-
pared to Thalassaemia Major and Hb.E- Tha-
lassaemia and seldom exceeds 2 fingers breadth
below the left costal margin, and in some pa-
tients may not even be palpable. Reference to



TABLE VII

No.OfB.T. Size of Spleen Size of Liver

Case Age (Pints)
During After(Years) During After

Past Present Pregnancy Delivery Pregnancy Delivery

l. 35 ? 40 2-t f b. 3 f.b. I-tfb. 2-t f.b.

2. 32 12 12 2 " I-t " 3 4 "

3. 39 4 3 3 j.p.

4. 34 7 I 11 2 3 n.p. n.p.

5. 33 8 4 2.-t " 2-t " 2 fb. 2 fb.

6. 26 4 2 2-t " Jp. 2

7. 19 0 n.p. n.p. n.p. n.p.

8. 26 2 10 j.p. m 1 f.b.

9. 33 0 4 f.b. 4 3 fb. 3 fb.

Table VI which summarises the clinical presen-
tation on admission shows that the majority of
the spleens were more than 2 fb. and Case 9
and Case 3 had 3 fb. spleens.

The relation of the number of blood trans-
fusions given to the individual patient and the
size of the spleens is shown in Ta.ble VII.

It is therefore seen that the degree of sple-
nomegaly and hepatomegaly is somewhat
related to the blood transfusions given i.e.
frequent blood transfusions will give rise to
haemosiderosis in the patient.

This is the crux of the therapeutic problem
in this condition as in all the haemoglo-
binopatbies viz. that the only effective life-
saving measure when the anaemia becomes

critical is blood transfusion and yet the fina-
cause of death in these patients is haemosidel
rosis of the organs such as the liver, heart,
pancreas, etc. Cases 1, 2, 5 and 9 had palpable
livers and in Case 3 the liver was just palpahle.
This showed that in 4 out of 9 cases there was
already evidence of significant liver haemosi-
derosis. If this be so, one can only guess the
amount of haemosideroris in the other vital
oragns. Therefore, the important point in the
treatment is that we have to be careful with the
amount of blood transfusions and to give them
only when there are real indications, knowing
full well that every bottle of blood given in
good faith to these patients to treat them may
shorten the life of the patient.



E. Racial Distribution:

From Table VI, it will be seen that out of
the nine patients 8 out of 9 were Chinese. Case
2 was a Malay patient, but she married her
cousin whose grandmother was a Chinese so
that there is some doubt if she is of pure Malay
origin.

F. Obstetrical Complications:

In all the patients except for the anaemia,
there was no significant increase in the obste-
trical complications in these 9 cases during

pregnancy or labour (Table VIII). In all the
cases except for Case 9 which was a case of
twin pregnancy the deliveries were normal
after the gestation period of 38-44 weeks and
no infant was premature by standards of size
or vitality. Case 1 had a bout of antepartum
haemorrhage and Case 2 had secondary post-
partum haemorrhage, while all the rest did not
have any pathological bleeding. Case 9 was the
only twin delivery which delivered at 38 weeks
after surgical induction. In fact if anything the
obstetrical complications were conspicuous by
their relative absence.



All the infants were normal at birth, except
Case 2 whose baby showed signs of moderate
placental insufficiency and Case 9 where the
first twin after the Breech delivery was born
with signs of anoxia which improved with
resuscitation.

G. Fertility:
In an effort to ascertain the effect of Hb.

H-Thalassaemia on the fertility the history of
the previous pregnancies were elicited in every
case. This was done also to see if the Hb.H had
any effect on the stillbirth and abortion rate of
the cases.

The following Table IX summarises this aspect
of the problem:-

Full Term
Delivery

Premo
Delivery

I. 6 5 5

2. 5 5 5

3. 5 5 5 I

4. 4 4 4

5. 8 7 7

6. 3 3 3

----

7.

-_.
I

8. 3 3 3

It will be seen from the table that except
for Cases I and 4, where there were 7 and 8
year periods of relative involuntary infertility
there was no evidence that the disease predis-
poses to infertility, abortions, premature deli-
very or stillbirths.

7yrs. invol.
infertility

8yrs. invol.
infertility

1--

The lower degree of anaemia from birth
together with the possible iron deposition in
the ovaries due to the haemolysis do not seem
to affect the reproductive functions. This is of
importance from the viewpoint of inheritance
of the disease.



H. Management during Pregnancy:

From the above study of the 9 cases it will
be seen that the main management of such
cases during pregnancy is that of the anaemia.
It will also be noticed that these cases even
though they were anaemic by normal stan-
dards from birth did not complain of the symp-
toms of anaemia until they became pregnant.
It has been seen that in most of the cases the
fall in the haemoglobin level has been about
the third month of pregnancy.

The main points in the treatment to be
borne in mind are:-

1. These patients have been living with a
low level of haemoglobin of about 9-
lOGms % since infancy and are there-
fore used to it, and therefore any hae-
moglobin reading in such a patient
should be related to their 'normal'
value.

2. The only effective treatment for these
patients is blood transfusions and not
iron in any form. But the tragic part of
the treatment is that the more trans-
fusions the patients get will add further
to the haemosiderosis which all the
patients have to a certain degree.

3. The third factor is the fact that non-
pregnant patients can live a normal
life span and have done so without
any blood transfusions being given
throughout their lives.

Therefore, weighing all the pros and cons
?f the tre~tment ~~ be instituted, the first thing
lS th~t thlS condItIOn should be kept in mind
and Iron should never be given indiscriminately
befor~ the condition is exluded by the simple
techmque of supra vital staining with Brilliant
Cresyl blue. Once diagnosed, the rationale of
the therapy therefore is to decide when blood
transfusions should be given and the level to
which the haemoglobin in each patient should
be b:ought to. Obviously the optimum haemo-
globm level would be the level where the dan-
gers are least to the mother and the foetus.
Therefore is there a minimal danger level of
haemoglobin below which complications for
the mother and foetus will set in? If there is
such a level when does it occur most frequently

in pregnancy? And is there a minimal level of
haemoglobin at which these patients can be
kept at in pregnancy so that there will be no
danger either to the mother or the foetus when
the mother goes into labour? If all goes well
during pregnancy should a prophylactic blood
transfusion be given just before term in antici-
pation of severe postpartum haemorrhage
which cannot be predicted?

Finally, is the problem urgent enough to
actively advise sterilisation or family planning
when a reasonable number of pregnancies have
taken place?

From the 9 cases presented it will be seen
that there was no standard way in which the
transfusions were given; one case had 40 blood
transfusions while another had only one. The
only criteria on which these cases were judged
on in the beginning was the amount of trans-
fusions which would relieve them of the symp-
toms of cardiac failure, after that the amount
of transfusions given were only varied to see
if one method is superior to the other. How-
ever the optimum method of giving these
transfusions have not been concluded because
of the relative small number of cases studied so
far. However, the impn ssion is gained that
too many blood transfusions have been given
unnecessarily in the past. A vigilant attitude
with regard to future patients from the point
of view of witholding blood for as much as
possible and only giving it when absolutely
necessary may solve the problem of rational
therapy.

Case 9 illustrates this regime of careful
watching. She was admitted in mid July 1964
at about the 28th week of pregnancy with a
Rb. of 2.9Gm % and up to 13th August 1964
when she was 33 weeks pregnant she had 5
pints of blood. This brought her Hb. to 8.8
Gm %. She was closely watched and it was
found that she had a twin pregnancy. Repeated
Hb. estimations from 33 weeks showed it to
range in the region of 8Gm %. No blood was
given after the 33rd week. At 38th week, she
developed mild toxaemia but the Hb. was still
around 8Gm % and labour was induced and
she was delivered of twins both of whom are
well. She lost about 10 ounces of blood and
post-partum her Hb. was still around 8Gm %.
Under the old regime she would have been



given much more blood transfusions which
would have been unnecessary as the conduct
of this patient showed.

Hb.H-Thalassaemia is considered as an
a thalassaemia. The globulin of the Hb. mole-
cule consists of peptide chains made up of
amino-acids. Normal adult Hb. or HbA has a
pair of a chains and a pair of ~ chains and
can be designated a2 ~2. Foetal Hb. or Hb.F
also has a pair of a chains but a different pair
(from ~) in addition called y chains and can
thus be represented as a2 y2, and similarly
Hb.A2 is a2 82. Thalassaemia Major and
Hb.E-Thalassaemia is considered a ~ thalas-
saemia, i.e. a condition characterised by sup-
perssion of ~ chains, and since Hb.A is a2
~2, the amount of Hb.A is reduced in ~ tha-
lassaemia, and in compensation a2 y2 are
increased, viz. Hb.F and Hb.A2 respectively,
and this is what one finds in Thalassaemia
Major and Hb.E-Thalassaemia, i.e. increased
amounts of Hb.F and Hb.A2 with diminution
in Hb.A compared to normals.

Now, Hb.H-Thalassaemia being consi-
dered an a thalassaemia, this would not cause
an increase of Hb.F. and Hb.A2 since these 2
haemoglobins need a chains for their synthe-
sis and since a chains are suppressed in a
thalassaemia. And this is what we find in Hb.
H- Thalassaemia, viz. normal amounts of foetal
and A2 haemoglobins.

Hb.H itself has a peculiar structure. It
consists of 4 similar peptide chains, and the
chain is the ~ chain, so that Hb.H can be
designated ~4, a tetramer of ~. Obviously if
the thalassaemia gene in Hb.H-Thalassaemia
is an a thalassaemia gene, then the formation
of a chains is suppressed leaving an excess of
~ chains which combine among themselves to
form ~4 or Hb.H. In this sense and by this
hypothesis Hb.H as such is not produced by a
specific gene but is the by-product, so to speak,
of suppression of a chain formation, i.e. of an
a thalassaemia. This concept is important be-
cause if Hb.H is an abnormal Hb. in the same
sense as Hb. E, for example, then one would
expect to be able to detect it in the parents of a
patient, which is not the case. On the other

hand, in a patient with Hb.E-Thalassaemia,
examination of the blood of the parents will
reveal that one of them has Rb. E and the other
excess amounts of Hb.A2 which is regarded
as the carrier state for ~ thalassaemia. How-
ever, examination of the blood in the parents
with Hb.H-Thalassaemia shows that they have
only normal adult Hb.A.

To explain this "anomaly" in the genetics
one would like to put forward a hypothesis
with regard to Hb.H-Thalassaemia, namely,
that in this disease there is lack of genetic con-
trol in the combination of a to ~ chains. Al-
though the concept of genes nowadays is one
gene-one enzyme, yet it would be inconceiv-
able not to assume that synthesis of amino-
acid chains is not under genetic control since
it occurs in an orderly and set manner. These
genes or group of genes or interaction of genes
can be called "moderating" genes. Therefore,
the assumption is made that there is a defect
in the "moderating" gene for a and ~ combi-
nation in Hb.H-Thalassaemia, and that this
gene when present only in a homozygo~s man-
ner will be able to produce Hb.H, whIle pre-
sent only in single-dose fashion, i.e. in a hetero-
zvcrous manner, Hb.H is not produced. There-
f~~e, a patient with Hb.H-Thalassaemia is the
homozygous state, possessing the deficient
"moderating" gene in a double dose while the
parents are heterozygous and hence not having
Hb.H, assuming that the gene is inherited in a
recessive autosomal fashion.

Similarly, when a Hb.H-Thalassaemia pa-
tient reaches the reproductive age group and
produces offspring and if the other parent is
perfectly normal, the children can never be
homozygous for the deficient "moderating"
gene and hence all the children are. free from
the disease as Fig. 3 shows. The famIly tree are
those of the above 9 patients and as can be
seen only in the case of B.A.N. was one child
suffering from Hb.H-Thalassaemia. In this
rare instance, one assumes that the husband
probably is heterozygous for the defective
"moderating" gene.

Examining the figures for the family stu-
dies again, it will be seen that of the offspring
examined in the first 3 months of life, 5 out of
the 9 families revealed the presence of another
"abnormal" Hb. called Bart's Hb., i.e. 55 %
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Fig. 3. Studies of abnormal haemoglobin in the
9 families.

(both twins of Case 9 had Bart's). The normal
incidence of the 'fast' Hb. in Chinese in this
country is 3-4 %, so that there must be a rela-
tion in some way between Hb.H and Hb.
Bart's. Bart's Hb. 011 analysis has been found
to be y4, a tetramer of y chains, just as Hh.

H is a tetramer of ~ chains. This relationship
between Hb. Hand Hb. Bart's both in their
family correlation and in their tetramer struc-
ture can again be explained by the presence of
deficient chain-union "moderating" genes.

The possession of Hb. Bart's usually pro-
duces no pathology. All the 6 infants (plus one
set of twins in Ca se 9) had about 10-20 % of
Bart's and after 3 months all these Bart's Rb.
had disappeared. One assumes that this non-
pathological condition represents the hetero-
zygous state. However, like Lie-lnjo (1964) we
have now seen 7 cases of hydrops foetalis who
are stillborn or who lived for only a short time
whose blood on electrophoresis showed about
70-80 % of Hb. Bart's. This, one assumes to be
the homozygous state.

Summarising then, our concept of the
genetics of Hb.H and Hb. Bart's is a dificiency
of the "moderating" gene which control the
orderly union of the amino-acid chains in the
globin of the Hb. molecule. If there is a L!ilure
of a and ~ union, ~4 is formed and Hh.H
results. If there is failure of a and y Ullion,
y4 is formed and Hb. Bart's results. The hete-
rozygous state in Hb.H is not recognisable, and
Hb.H itself is considered to be the homozygous
state. The heterozygous condition in Bart's
Hb. is the "physiological" Bart's Hh. which is
present in some newborns in small amounts in
3-5 % of the Chinese. This Bart's subsequently
disappear in 3 months of age. However, Bart's
hydrops foetal is is the homozygous state and
is incompatible in life. Since both Hb.H and
Bart's Hb., by theory, is due to deficiency of
amino-acid chain union "moderating" genes,
it is therefore conceivable that both conditions
may co-exist in the same family.
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