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Carrier detection and prenatal diagnosis in
families with haemophilia

S. SHETTY, K. GHOSH, A. BHIDE, D. MOHANTY

ABSTRACT
Background. Haemophilias are the commonest X-linked

disorders affecting approximately 1 in 10 000 male births.
Detection of carrier women in families with haemophilia and
subsequent antenatal diagnosis of confirmed carriers are impor-
tant services for these patients and their relatives. Over the last
6 years we performed carrier detection and antenatal diagnosis
in families with patients of haemophilia A and B.

Methods. During the last 6 years, 159 families with
haemophilia A and Bwere ana lysed for carrier detection by DNA
analysis, using various polymorphic markers of factors VIII and
IX genes. The polymorphisms used were intron 18 Bell, intron
19 Hind III, intron 22 Xbal and DXS52/St 14 of the factor VIII
gene and intron I Ddel, intron 4 Taql, 3 Hhal and Residue 148
codon Mnll of the factor IX gene. There were 189 probable
carriers (whose carrier status was not known) and 99 obligatory
carriers (confirmed carriers by family pedigree analysis) from
102 families with haemophilia A. Of the 57 families with
haemophilia B ana lysed, there were 98 probable and 52
obligatory carriers. All the analyses were carried out by poly-
merase chain reaction. For antenatal diagnosis, prior to polymor-
phism analysis, the sex of the foetus was detected by Y
chromosome-specific amplification.

Results. One hundred and four females were diagnosed as
carriers and 63 as non-carriers by the intragenic polymorphic
markers in families with haemophilia A. Eighteen women were
informative with only the extragenic marker of factor VIII gene.
Four women were not informative with any of the markers used.
In families with haemophilia B, 37 women were diagnosed as
carriers and 34 as non-carriers by the intragenic markers and 34
were informative only with the extragenic markers. Seventeen
women were not informative with any of the markers used.

Of the 25 antenatal diagnoses performed (20 haemophilia A,
5 haemophilia B) using the same markers as those used in carrier
detection, 14 were male foetuses and 11 female as detected by
Y chromosome-specific polymerase chain reaction. Eight were
affected males and 6 unaffected. Among the females, 5 were
carriers and 6 normal.

Conclusion. Using the above polymorphic markers of
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factors VIII and IX genes, a diagnosis could be made in the
majority of families.
Natl Med J India 2001;14:81-3

INTRODUCTION
A well-organized, comprehensive system for the care of
haemophiliacs remains elusive in most parts of the developing
world. Absence of proper health care infrastructure, financial
constraints and insufficient education preclude development of
appropriate services for haemophilia in most developing coun-
tries. Within these limitations, developing a genetic diagnostic
facility becomes a major task for any centre planning a preventive
approach to haemophilia.

Carrier detection and prenatal diagnosis in haemophilia have
been greatly enhanced by molecular techniques using restriction
fragment length polymorphism (RFLP) analysis. The polymerase
chain reaction (PCR) has simplified the RFLP analysis and can be
used for most factors VIII and IX gene markers. However, in the
indirect method of gene tracking, the heterozygosity of various
markers in the population is extremely important as there are
marked variations in their rates in various populations. I

Not many reports are available from India on the genetic
diagnosis of haemophilias or the detection of mutations in factors
VIII and IX genes. 2-6 We report our experience of carrier detection
and antenatal diagnosis in haemophiliacs over the last 6 years.

SUBJECTS AND METHODS
Subjects
The patients and their family members were referred to our centre
from different hospitals and various haemophilia chapters affiliated
to the Haemophilia Federation, India in Mumbai and other parts of
the country. Out of 102 families with haemophilia A, 85 had a
positive family history and 17were sporadic; a total of 563 subjects
from families with haemophilia A were analysed by gene tracking
analysis. There were 189 probable (prospective + probable) carri-
ers and 99 obligatory carriers from the 102haemophilia A families.
Of the 57 families with haemophilia B, 47 had a positive family
history while 10did not. A total of308 subjects were analysed; there
were 98 probable carriers and 52 obligatory carriers. Out of 25
haemophiliacs in whom antenatal diagnosis was performed, 20 had
haemophilia A and 5 haemophilia B. Fifteen women reported after
a carrier diagnosis was made by us and the remaining 10 reported
because they had a haemophiliac relative in the family. After
confirming the carrier status, antenatal diagnosis was done in these
women.

Chorionic villus sampling was done by the transabdominal
route at the Nowrosjee Wadia Maternity Hospital under ultra-
sound guidance at 10-12 weeks of pregnancy. Nine millilitre of
blood was collected in 1 ml of 3.13% tri-sodium citrate (1 part
anticoagulant and 9parts blood) from the patients and other family
members. The blood was centrifuged at 1000 g for 15 minutes.
The plasma was immediately preserved at 70°C for clotting
assays. The cells were preserved at 20 °C for DNA extraction.

Pedigree analysis
A detailed family pedigree was drawn to study the mode of inheri-
tance of the disease. The clinical history included frequency, nature
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and sites of bleeding, number and nature of blood or blood
product infusion of the index case and other affected family
members.

Diagnosis
The diagnosis of the index case was done by routine coagula-
tion assays followed by specific factor assays. Platelet aggre-
gation tests with ristocetin and von Willebrand factor (vWF)
assay on specific patients was done to rule out von Willebrand's
disease."

Counselling
Once the diagnosis was confirmed, the family was counselled
regarding the probable chances of women being carriers or of
pregnant women having an affected child. The women in the
family were counselled to get their carrier status checked prior to
conception.

DNA analysis
DNA was extracted from peripheral blood leucocytes by standard
techniques." All the markers were studied by PCR9-'3 except intron
22 XbaI and intron 4 TaqI of the factor IX gene, which were
studied by Southern blot technique" using cDNA probes (donated
by J. Gitschier, USA and G.G. Brownlee, UK). The extragenic
marker DXS52/Stl4 of the factor VIII gene was studied by both
PCR'4 and Southern blot" (probe donated by J. L. Mandel,
France). The primers were obtained from Cybersyn, USA.

RESULTS

The informativeness ofthe various markers offactors VIII and IX
genes in carrier detection and antenatal diagnosis are shown in
Table I.

Factor VIII genes
The St14 polymorphism showed the highest heterozygosity of91 %
in our population. This was found to be slightly higher than that
detected by Southern blot. Among the biallelic markers, Bel I
showed the highest heterozygosity rate followed by XbaI. Hind III
polymorphism showed the least informativeness in our population.

Factor IX genes
The intron 4 TaqI showed the least heterozygosity (18%) in our
study group (Table I). Intron I DdeI and 3 HhaI showed more or
less similar frequency of heterozygosity, i.e. 43% and 42%,

TABLEI. Informativeness of various polymorphic markers of the
factor VIII gene in carrier detection and antenatal diagnosis of
haemophilia A and B in families

Polymorphic marker Number ofwomen screened Informative
n (%)

Haemophilia A
intron 18Bcl I 153 67 (44)
intron 22 XbaI 74 27 (36)
DXS52/StI4

by Southern blot 74 63 (85)
byPCR 79 72 (91)

intron 19Hind III 47 14 (30)

Haemophilia B
intron 4 TaqI 74 13 (18)
intron I DdeI 96 41 (43)
3'Hhal 92 39 (42)
Residue 148MnlI 31 12 (39)
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FIG 1. Results of carrier detection in families with haemophilia A
* (includes patients and their relatives required for gene tracking analysis)
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FIG 2. Results of carrier detection in families with haemophilia B
• (includes patients and their relatives required for gene tracking analysis)
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FIG 3. Results of antenatal diagnosis in families with haemophilia

(All families were called for follow up when the child was 6 months of age; 8 have been
followed up so far (all normal). Diagnosis confirmed by factor assays and DNA
analysis)

respectively. In a small group of women studied, the MnlI marker
showed good informativeness (39%).

Figures 1 and 2 show the results of carrier detection in our study
group. Obligatory carriers were diagnosed based only on family
pedigree. The daughter of a haemophiliac father, the mother of two
haemophiliac children or the mother of one haemophiliac son and
a well documented relative on the maternal side were diagnosed
as obligatory carriers.

In the case of women with a negative family history, the diagnosis
was mainly by exclusion. Four women in families with haemophilia
A and 17 in those with haemophilia B could not be diagnosed as
they were not informative with any of the markers used.

Figure 3 shows the results of antenatal diagnosis in families with
haemophilia A and B. All the families were called for a follow up
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FIG4. Detection of carriers in a family with haemophilia A by
intron 18Bel I polymorphism
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FIG5. Prenatal diagnosis in a family with haemophilia B by

intron I DdeI polymorphism

study when the child was 6 months old. The diagnosis was
reconfirmed by factor assays and DNA analysis in the case of
normal children. Figures 4 and 5 show the carrier detection and
antenatal diagnosis in families with haemophilia A and B, respec-
tively.

DISCUSSION
During the last three decades, genetic counselling, carrier
testing and prenatal diagnosis of haemophilia have become an
integral part of the comprehensive care for haemophilia in most
developed countries. The burden of this genetic disease is
heavier in a developing country such as India, more so because
the infrastructure and services needed to assist such patients
are usually primitive or non-existent.

India has a population of over one thousand million. Based on
a prevalence of 1 in 10 000 population, there should be at least
100 000 people with haemophilia in India. Since there is no
national registry for haemophilia as yet, it is difficult to ascertain
how many people with haemophilia have actually been detected.
The Haemophilia Federation, India has about 5000 registered
haemophiliacs. It is possible that an equal number of patients are
diagnosed but not associated with this federation. This accounts
for only about 10% of the estimated number. This reflects a lack
of public awareness.

There are few centres in India doing carrier detection or
prenatal diagnosis ofhaemophilia. The frequency of the polymor-
phic alleles of factors VIII and IX genes show wide ethnic
variation. 1 The frequency of heterozygosity of some of these
markers in the Indian population has been reported earlier.' The
polymorphic BcI I site of factor VIII gene is simple to analyse
using PCR amplification. For a biallelic polymorphism, this
marker has a high heterozygote frequency (44%). This marker has
a high frequency in all the ethnic groups studied so far, although
in Black groups, the allele frequencies are reverted compared with
other populations and the uncut allele is more prevalent." Al-
though the XbaI RFLP has a fairly high rate of heterozygosity in
our population (36%), this polymorphism is infrequently used
because the analysis is only possible by either the time-consuming
Southern blot procedure? or the recently developed long template
PCR technique. 17 Although the Hind III polymorphism has shown
reduced informativeness (30%) in the small number of samples
analysed, the absence of a strong linkage disequilibrium with BcI
I marker is important.' Of the 20 women not informative with Bel

1,7 were informative with the Hind III marker. Thus, this marker
can be used in the routine genetic diagnosis of haemophilia, if the
bel I marker is uninformative.

A greater degree of ethnic variation in the rate of heterozygosity
is evident in the frequencies of polymorphisms of factor IX as
compared to factor VIII.l8 This is evident from data where intron
4 of the factor IX gene has shown a highly reduced frequency
(18%) compared to other populations. The substitution of residue
148 Mnll polymorphism for TaqI has yielded good informative-
ness (39%) and all these polymorphisms have together yielded
81% informativeness.

Linkage analysis for haemophilia is technically simple, but
there are limitations to its use. In women without any family
history, they can only be excluded from being carriers if they have
not inherited the allele in phase with haemophilia in their family.
Lack of key members is also a frequent problem. Linkage disequi-
librium (allelic association) also reduces information obtained by
using several polymorphisms in a given family. Direct detection
of mutations in the affected case would be a solution for all these
problems. Except intron 22 inversions of the factor VIII gene, the
detection of other mutations in all haemophiliacs has not as yet
become a feasible proposition for the routine genetic diagnosis of
haemophilias.
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