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Screening of antenatal patients in a multiethnic
community for thalassaemia trait
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SUMMARY An investigation of the reliability of screening tests for ,B thalassaemia trait in pregnant
women was carried out as part of a programme to predict ,B thalassaemia major in the fetus. Women
with a mean corpuscular volume (MCV) of less than 83fl were examined further, and the reliability of
various red cell indices as screening tests was assessed and compared.
Over three years 696 women were found to be microcytic and were investigated further. If no

abnormal haemoglobin was found by cellulose acetate electrophoresis at alkaline pH, haemoglobin
A2 estimation was performed. Beta thalassaemia trait was diagnosed in 56 (8%) of the microcytic
women. Both the MCV and the mean corpuscular haemoglobin (MCH) were found to be suitable
screening tests for detecting patients who required further investigation. Women found to have ,B
thalassaemia trait or a functionally equivalent disorder were of varied ethnic origins. Of 58 such
women, partners were investigated in 45 instances, and three pregnancies at risk of, thalassaemia
major were identified.

Investigations for # thalassaemia trait should preferably be carried out before pregnancy but for
those already pregnant investigation should be carried out, irrespective of whether the patient seems
to be iron deficient. It is advisable that partners ofwomen with thalassaemia trait have haemoglobin
electrophoresis, whatever their red cell indices, as double heterozygosity for either haemoglobin S or
haemoglobin E and # thalassaemia may produce severe disease.

Since the prenatal diagnosis of f thalassaemia was first
achieved in 1975 rapid technical advances have taken
place: in many cases prenatal diagnosis can now be
accomplished by the end of the first trimester of
pregnancy. Such prenatal diagnosis depends on iden-
tification of at risk pregnancies. In highly motivated,
tightly knit communities with a high incidence of,
thalassaemia trait identification of high risk couples
may be achieved around the time of marriage, but in
other communities diagnosis often depends on rapid
identification of at risk pregnancies after presentation
to an antenatal clinic. Paddington and North Kensing-
ton district is an inner city, socially deprived, multi-
ethnic community with a high incidence of
haemoglobinopathies and thalassaemia trait. A com-
prehensive screening programme for-the identification
of pregnancies at risk of thalassaemia major was
introduced into all district antenatal clinics during
1983, at the same time as a programme to detect
clinically important haemoglobinopathies. The results
of screening for pregnancies at risk of thalassaemia
major are reported here, the first three years of the
programme having been assessed.
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Patients and methods

All women presenting to the antenatal clinic had a
blood sample taken on first attendance for a full blood
count and blood film. The full blood count was
performed on a Coulter Counter model S, standar-
dised with Coulter Electronics Quality Control
material 4C. The packed cell volume (PCV) and
therefore the mean corpuscular volume (MCV) were
"corrected" for 3% plasma trapping so that PCV
results would be on average 3% lower than a micro-
haematocrit reading. (This practice has been generally
followed in British haematology laboratories since
about 1974-5). The patient's ethnic origin was recor-
ded on the haematology request form by antenatal
clinic staff using the following general categories:
black, Mediterranean, caucasian (which excluded
caucasians of Mediterranean or Indian subcontinent
origin), Asian (Indian, Pakistani, Bangladeshi and
East African Asian), oriental (other Asian) and other
(Middle Eastern, north African, South American etc).
The blood film was examined and the full blood

count assessed by haematological scientific or medical
staff, or both, who started haemoglobin electro-
phoresis and haemoglobin A2 estimation when the
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MCV fell below 83 fl and the test seemed to be
indicated. During the first year investigation was
sometimes thought not to be indicated despite a low
MCV if the women were identified as caucasian or if
the indices and blood film strongly suggested iron
deficiency. When it was found that during the first year
a total of six patients had been diagnosed later in
pregnancy, rather than at booking, the policy was
amended. Thereafter investigation was started on all
pregnant women with an MCV of less than 83 fl,
irrespective of ethnic origin or apparent iron status.
The cut off point of 83 fl was chosen because this is the
2 5 percentile for the MCV of healthy, non-pregnant
women, and men in our laboratory. Screening electro-
phoresis was performed on cellulose acetate at a pH of
8-2-8-6. Patients discovered to have a haemoglobin-
opathy on screening electrophoresis did not have a
haemoglobin A2 estimation. In the other patients
haemoglobin A2 was estimated by anion exchange
chromatography (Helena Beta-thal HbA2 Quick
Column). A haemoglobin A2 concentration of less
than 3-4% was accepted as normal and greater than
4 0% as diagnostic of ,B thalassaemia trait. When the
concentration fell between 3-4 and 4-0 the assay was
usually repeated and a further sample was requested
for a further assay. Haemoglobin F was estimated only
if a band was visible in the position of F on screening
electrophoresis.
When a patient was found to have # thalassaemia

trait a blood specimen was requested from her partner.
A full blood count and haemoglobin electrophoresis
were performed on this blood specimen, and if the
MCV was less than 83 fl the haemoglobin A2 concen-
tration was measured.

Couples found to be at risk of having a child with
thalassaemia major were given a full explanation by
obstetric staff, and, when the period of gestation
permitted, were offered antenatal diagnosis and ter-
mination of pregnancy. The partner was also inves-
tigated in all women of oriental origin in whom a
thalassaemia trait was a possibility. The investigation
and treatment of other microcytic patients was left to
the individual obstetrician.

Three years after its introduction the results of the
programme were assessed. The suitability of the

Bain

criteria used for investigation were included in the
assessment.

Results

Six hundred and ninety six antenatal patients were

investigated as a result of a full blood count at booking
which showed an MCV of less than 83 fl. In 96 women
(13 8%) the cellulose acetate electrophoresis showed
an abnormal haemoglobin, which in two cases was

haemoglobin Lepore. In the other 600 women a

haemoglobin A2 estimation disclosed 56 patients who
had # thalassaemia trait (8% of total group screened,
9 3% of patients having haemoglobin A2 estimations).
In further analysis the two patients with haemoglobin
Lepore trait have been grouped with the patients with
P thalassaemia trait as the two conditions are of the
same clinical importance. The prevalence of, thalas-
saemia trait decreased from 50% in those with an

MCV of less than 65 fl to 0-4% of those with an MCV
of 80-82 fl (table 1). The 58 patients with thalassaemia
trait had had a total of 73 pregnancies for which
haematological data from our laboratory were availa-
ble, the extra 15 pregnancies being both before and
after the index pregnancy in which thalassaemia trait
was diagnosed. Of the 73 MCVs measured on booking
at the antenatal clinic, 71 fell below 78 fl, the two
remaining values being 79 and 80 fl.

In 55 pregnancies for which serial full blood counts
were available the MCV was found to rise on average

by 2 6 fl (range 0-10 fl, median 2 fl) from booking
MCV to peak level. In one patient the MCV rose for 80
to 81 fl but in none did a rise above 82 fl occur.
The usefulness ofvarious formulae which have been

proposed for identification of thalassaemia trait was
assessed. Two of these, the discriminant function of
England and Fraser' (discriminant function = MCV
- [Hb x 5] - red cell count (RBC) - 3.4) and the
formula of Mentzer2 (MCV/RBC), are stated by their
originators to be unreliable in pregnancy. This was
confirmed as they identified only 19% and 34%,
respectively, of the patients with thalassaemia trait.
The formula of Srivastava3 (MCH/RBC) was even less
useful as only 5% of patients were identified. If the cut
offpoint for England and Fraser's discriminant func-

Table 1 Results ofscreening antenatal patients with MCVsfalling within various rangesfor ,B thalassaemia trait and abnormal
haemoglobins

Mean corpuscular volume (MCV) (fl) <65 65-69 70-74 75-79 80-82 Total
Total No investigated 34 72 110 205 275 696
No abnormal haemoglobin or 13 37 81 174 239 544

increase in HbA2 detected
f thalassaemia trait* (plus Hb Lepore) 17 (50) 25 (35) 12 (11) 3 (1 5) 1 (0-4) 58 (8-3)
Haemoglobinopathy* (except Hb Lepore) 4 (12) 10 (14) 17 (15) 28 (13-5) 35 (12-6) 94 (13-5)
Percentage having either f thalassaemia 62 49 26 15 13 21 8

trait or an abnormal haemoglobin

*The percentage of patients in each MCV range having the specified abnormality is shown in parentheses.
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Screeningfor # thalassaemia in multiracial antenatal patients

tion was taken as 15 rather than zero when applied to
pregnant subjects, as suggested by White and cowork-
ers,4 there were still 12% of subjects with ,B thalas-
saemia trait not identified. The formula of Shine and
Lal5 (MCV2 x MCH), however, successfully identified
57 of 58 index pregnancies in patients with ,B thalas-
saemia trait. If the cut off point was raised from 1530
( x 100) to 1620 ( x 100) all patients were identified.
These cut off points, would have avoided unnecessary
haemoglobin A, estimations in 65% and 58%, respec-
tively, of 100 consecutive pregnant women who were
found to have neither / thalassaemia trait nor a
haemoglobinopathy.
The mean corpuscular haemoglobin (MCH) was

also assessed as to whether it could be used to screen
for / thalassaemia trait. All MCHs at booking fell
below the 2-5 percentile for healthy subjects, which in
our laboratory is 27 1 pg. The highest level observed at
booking was 25-9 pg. If a cut off point of 26 pg were
chosen all women with / thalassaemia trait would
have been detected with a 29% decrease in workload.
The haematological opinion on the blood film and

red cell indices was found to be unreliable for screen-
ing. In nine of the 58 index pregnancies the laboratory
specifically suggested a diagnosis of iron deficiency.
Target cells and basophilic stippling were often absent
while pencil cells were sometimes present. The
haemoglobin concentration was often low (mean 10 4
g/dl, observed range 7-9-12 4 g/dl).
The ethnic origin of the patients found to have /3

thalassaemia trait is shown in table 2, together with the
percentage they represent of patients of the given
ethnic group who were investigated because of a low
MCV. The prevalence of / thalassaemia trait (plus
haemoglobin Lepore) in the patients investigated
varied from 1 4% in the caucasian group to 17 8% in
the oriental group.

Booking at the antenatal clinic was often delayed,
less than half the women booking during the first
trimester. Women of Mediterranean origin, who
might be expected to be best informed about /3
thalassaemia trait, did not present to the antenatal

Table 2 Ethnic origin of patients found to have /3
thalassaemia trait in relation to number of patients of given
ethnic group screened

Patients screened* # thalassaemia trait
(No0%)

Black 228 12 + 1 Lepore (5-7)
Caucasian 72 1 Lepore (I 4)
Indian 198 17 (8 6)
Mediterranean 74 12 (16 2)t
Oriental 56 10 (17 8)$
Other 61 5 (8-2)'

*No record of ethnic origin was available in 7 patients; tGreek,
Italian, Cypriot, Spanish; $Chinese, Thai, Malaysian, Indonesian,
Filippino; 1 Moroccan, Iranian, Iraqui

clinic appreciably earlier than other women.
During the 58 index pregnancies 45 partners were

investigated. Of the 13 instances of partners not being
investigated eight occurred during the first six months
of the programme and in two of these instances
patients did not continue to attend the antenatal clinic.
Of the five partners not tested during the subsequent
two and a half years, the reasons were miscarriage,
alleged rape, pending divorce, late booking with
partner outside the United Kingdom and late initia-
tion of test by laboratory. Of the 45 partners tested,
four were found to have a clinically important abnor-
mality which was /3 thalassaemia trait in three cases
and sickle cell trait in one case. Of the three couples, all
of Mediterranean origin, at risk of having a child with
/3 thalassaemia major, two accepted antenatal diag-
nosis and one declined it. All produced normal infants.

Discussion

Since antenatal diagnosis of # thalassaemia has
become available, births of children with thalassaemia
major have fallen in various Mediterranean countries
to between 10 and 50% of the 1970 rate. At the same
time the rate in the United Kingdom remains at almost
70% of the 1970 level.6 In the United Kingdom about
two thirds of thalassaemia major births used to be to
Cypriot parents and about one third to Indian or
Pakistani parents7 but the latter group now predomin-
ates.8 To give all parents at risk of having a child with
thalassaemia major the opportunity to decide whether
to continue with a pregnancy when the fetus is
affected, requires that antenatal diagnosis of thalas-
saemia trait be offered to all at risk mothers as early in
pregnancy as possible. In 1983 the Paddington and
North Kensington District introduced a screening
programme with this aim, the results of which have
now been assessed. Screening patients who are already
pregnant presents special problems. Firstly, many
patients first present at the antenatal clinic quite late in
pregnancy. It is for this reason that we chose to have
relevant tests initiated by the laboratory staff, alth-
ough it remains the responsibility of clinical staff to
ensure that all tests necessary for the optimal man-
agement of the patient are performed. Secondly, the
physiological fall of haemoglobin concentration con-
sequent on the haemodilution of pregnancy makes it
less likely that / thalassaemia trait will be suspected on
the basis ofpronounced microcytosis with little reduc-
tion of the haemoglobin concentration. (The
physiological rise of MCV during pregnancy seems,
from this study, to be of lesser importance). Thirdly,
the high incidence of iron deficiency in pregnancy,
particularly in socially deprived or vegetarian women,
complicates diagnosis; the red cell indices are less
informative and iron deficiency may also cause
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484 Bain
sufficient lowering of the haemoglobin A2 concentra-
tion that diagnosis based on this variable becomes less
reliable.9

The basis of the screening programme was the
identification of microcytic subjects, but the primary
purpose of this study was to assess the efficiency of the
programme rather than to investigate the causes of
microcytosis during pregnancy. Of the microcytic
women investigated, 21.8% were found to have either
an abnormal haemoglobin or ,B thalassaemia trait. The
abnormal haemoglobins most commonly observed
were S, C, and E, all of which are known to be
associated with microcytosis.'" The cause of
microcytosis in the other 78% was not systematically
investigated, management being left to the individual
obstetricians. We are aware, however, of the high
prevalence of iron deficiency among pregnant women
in our district, particularly but not solely among
women from the Indian subcontinent. Among black
subjects a thalassaemia trait also contributes to the
occurrence of microcytosis; its prevalence can be 30%
or higher in those of West Indian origin.'2
The data presented here relate to the first three years

of the screening programme. Although the criteria for
investigation were changed at the end of the first year,
it seems preferable, for a number of reasons, to include
all the data. Firstly, the extension of screening to all
those groups did not disclose ,B thalassaemia trait in
any unexpected ethnic groups, although it decreased
the likelihood that any case would be inadvertently
missed. Secondly, although a provisional diagnosis of
iron deficiency led to late diagnosis in some patients
during the first year, no cases are known too have been
missed for this reason. Thirdly, the results from the
entire three years as presented here permit a realistic
assessment of the practical problems which will be met
by hospitals attempting to introduce a comprehensive
screening programme.
The MCV was found to be suitable for the detection

of pregnant women requiring investigation for P
thalassaemia trait. From this study, it seems that a cut
off point of 83 fl (when a 3% correction for plasma
trapping is applied) will identify most cases of P
thalassaemia trait. The return from investigating
women with an MCV of 81 and 82 fl is very low, and a
cut off point of < 81 fl could reasonably be supported.
This would avoid about 35% of unnecessary
haemoglobin A2 estimates. Application of the for-
mula' MCV2 x MCH (which is not affected by the
haemodilution of pregnancy) would avoid about 58%
of unnecessary testing, but would add extra complex-
ity to the selection of patients for investigation. Other
formulae were not found to be useful. TheMCH seems
to be as satisfactory as the MCV, and use of this
variable would have the advantage that identical
results should be produced by all laboratories,

whereas the MCV is influenced by both the technology
used in its measurement and in the method of standar-
dising the instrument used. The use of the MCH rather
than the MCV, however, would require a larger
number ofwomen to be investigated if all cases were to
be detected. Whether this difference would be ofsuch a
magnitude as to be of practical importance cannot be
determined from this study.
The return from investigating caucasians of north-

ern European origin is low, although problems exist in
their identification. For example, one of our patients
now included in the Mediterranean group was found
to have an Italian father only after the laboratory had
made the diagnosis of 3 thalassaemia trait. All other
ethnic groups should be investigated. Subjects we have
categorised as oriental are at risk of a thalassaemia
trait and of producing a fetus with haemoglobin Barts
hydrops fetalis, but those who are microcytic also have
a high incidence of, thalassaemia trait. The incidence
is also appreciable in microcytic women from the
Indian subcontinent, in black women, and in the
extremely heterogenous group we have classified as
"other". In a multiethnic community it may be most
practicable to investigate all women with an MCV or
MCH below a defined level, irrespective of apparent
ethnic origin.

It is preferable that investigations for P thalassaemia
trait be carried out before pregnancy but this is usually
only possible in ethnic groups with a high prevalence
ofP thalassaemia trait. When patients who are already
pregnant are being screened investigations must be
carried out irrespective ofwhether the patient seems to
be iron deficient. Because of the fall ofhaemoglobin A2
concentration, which occurs with iron deficiency,
some cases of /3 thalassaemia trait may be missed, but
time does not permit the prior correction of the
deficiency state which is the preferred course in non-
pregnant patients.

It is advisable that partners of women with /3
thalassaemia trait have haemoglobin electrophoresis
regardless of their red cell indices, as double
heterozygosity for either haemoglobin S or
haemoglobin E and P thalassaemia trait may produce
severe disease.

I thank the members of the paediatrics, obstetrics, and
haematology departments of the Paddington and
North Kensington District who collaborated in the
establishment of this programme, and in particular,
Dr Nellie Adjaye and Mr P Steer.
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