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Abstract

Objective: To provide recommendations to physicians, midwives,
genetic counsellors, and clinical laboratory scientists involved in
pre-conceptional or prenatal care regarding carrier screening for
thalassemia and hemoglobinopathies (e.g., sickle cell anemia and
other qualitative hemoglobin disorders).

Outcomes: To determine the populations to be screened and the
appropriate tests to offer to minimize practice variations across
Canada.

Evidence: The Medline database was searched for relevant articles
published between 1986 and 2007 on carrier screening for
thalassemia and hemoglobinopathies. Key textbooks were also
reviewed. Recommendations were quantified using the Evaluation
of Evidence guidelines developed by the Canadian Task Force on
Preventive Health Care.

Values: The evidence collected from the Medline search was
reviewed by the Prenatal Diagnosis Committee of the Canadian
College of Medical Geneticists (CCMG) and the Genetics
Committee of the Society of Obstetricians and Gynaecologists of
Canada (SOGC).

Benefits, Harms, and Costs: Screening of individuals at increased
risk of being carriers for thalassemia and hemoglobinopathies can
identify couples with a 25% risk of having a pregnancy with a
significant genetic disorder for which prenatal diagnosis is
possible. Ideally, screening should be done pre-conceptionally.
However, for a significant proportion of patients, the screening will
occur during the pregnancy, and the time constraint for obtaining
screening results may result in psychological distress. This
guideline does not include a cost analysis.

Recommendations

1. Carrier screening for thalassemia and hemoglobinopathies should
be offered to a woman if she and/or her partner are identified as
belonging to an ethnic population whose members are at higher
risk of being carriers. Ideally, this screening should be done
pre-conceptionally or as early as possible in the pregnancy. (lI-2A)

2. Screening should consist of a complete blood count, as well as
hemoglobin electrophoresis or hemoglobin high performance
liquid chromatography. This investigation should include
quantitation of HbA2 and HbF. In addition, if there is microcytosis
(mean cellular volume < 80 fL) and/or hypochromia (mean cellular
hemoglobin < 27 pg) in the presence of a normal hemoglobin
electrophoresis or high performance liquid chromatography the
patient should be investigated with a brilliant cresyl blue stained
blood smear to identify H bodies. A serum ferritin (to exclude iron
deficiency anemia) should be performed simultaneously. (l1I-A)

3. If awoman’s initial screening is abnormal (e.g., showing
microcytosis or hypochromia with or without an elevated HbA2, or

This document reflects emerging clinical and scientific advances on the date issued and is subject to change. The information
should not be construed as dictating an exclusive course of treatment or procedure to be followed. Local institutions can dictate
amendments to these opinions. They should be well documented if modified at the local level. None of these contents may be
reproduced in any form without prior written permission of the SOGC.
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a variant Hb on electrophoresis or high performance liquid
chromatography) then screening of the partner should be
performed. This would include a complete blood count as well as
hemoglobin electrophoresis or HPLC, HbA2 and HbF quantitation,
and H body staining. (IlI-A)

4. If both partners are found to be carriers of thalassemia or an Hb
variant, or of a combination of thalassemia and a hemoglobin
variant, they should be referred for genetic counselling. Ideally,
this should be prior to conception, or as early as possible in the
pregnancy. Additional molecular studies may be required to clarify
the carrier status of the parents and thus the risk to the fetus. (I-3A)

5. Prenatal diagnosis should be offered to the pregnant
woman/couple at risk for having a fetus affected with a clinically
significant thalassemia or hemoglobinopathy. Prenatal diagnosis
should be performed with the patient’s informed consent. If
prenatal diagnosis is declined, testing of the child should be done
to allow early diagnosis and referral to a pediatric hematology
centre, if indicated. (11-3A)

6. Prenatal diagnosis by DNA analysis can be performed using cells
obtained by chorionic villus sampling or amniocentesis.
Alternatively for those who decline invasive testing and are at risk
of hemoglobin Bart’s hydrops fetalis (four-gene deletion
o-thalassemia), serial detailed fetal ultrasound for assessment of
the fetal cardiothoracic ratio (normal < 0.5) should be done in a
centre that has experience conducting these assessments for
early identification of an affected fetus. If an abnormality is
detected, a referral to a tertiary care centre is recommended for
further assessment and counselling. Confirmatory studies by DNA
analysis of amniocytes should be done if a termination of
pregnancy is being considered. (lI-3A)

7. The finding of hydrops fetalis on ultrasound in the second or third
trimester in women with an ethnic background that has an
increased risk of a-thalassemia should prompt immediate
investigation of the pregnant patient and her partner to determine
their carrier status for a-thalassemia. (IlI-A)

Validation: This guideline has been prepared by the Prenatal
Diagnosis Committee of the Canadian College of Medical
Geneticists (CCMG) and the Genetics Committee of the Society of
Obstetricians and Gynaecologists of Canada (SOGC) and
approved by the Board of Directors of the CCMG and the
Executive and Council of the SOGC.

J Obstet Gynaecol Can 2008;30(10):950-959

INTRODUCTION

he current Canadian Guidelines for Prenatal Diagnosis
recommend carrier screening be offered to individuals
belonging to population groups known to have an increased
This
population-based genetic screening approach is recom-

risk of carrying certain genetic disorders.!
mended for the reproductive counselling of healthy couples

at risk of having an affected offspring, preferably prior to

ABBREVIATIONS

CBC complete blood count
Cvs chorionic villus sampling
Hb hemoglobin

HPLC
MCH  mean cell hemoglobin

high performance liquid chromatography

MCV mean cell volume

conception or prior to the birth of such a child. Through
genetic counselling, and with the option of prenatal diagno-
sis, the birth of a severely affected child can be avoided, if
desired.

The thalassemias and the hemoglobinopathies (the most
common being sickle cell disorders) are autosomal recessive
conditions affecting the quantity and quality, respectively,
of hemoglobin molecules within red blood cells. These dis-
orders are found more commonly in certain ethnic groups,
lending themselves to effective ethnicity-based population
screening.?3 The populations at increased risk of thalassemia
and/or sickle cell disorders are shown in Table 2.

The thalassemias are distributed across Africa, the Mediter-
ranean region, the Middle East, the Indian subcontinent,
and China and throughout southeast Asia in a line stretch-
ing from Southern China down the Malaysian peninsula to
the Indonesian islands.*> In these populations, the carrier
frequency is greater than 1%, in contrast to a carrier fre-
quency of approximately 0.1% in individuals of Northern
European ancestry. Table 2 also shows that sickle cell disor-
ders are seen more frequently in populations of African and
Caribbean descent and in individuals of Mediterranean,
Middle Eastern, and East Indian descent.%” According to
the 2001 Canadian Census, over 3.7 million Canadians
(approximately 12.5% of the population) identified their
ethnic origin as one known to be at increased risk of
thalassemia or hemoglobinopathy. Given the proven bene-
fits of carrier screening programs for hemoglobin disorders
in the parts of the world where populations are known to be
at high risk for these conditions,’10 this document was
developed to review this group of disorders and provide
recommendations to health care providers in Canada for
screening pre-conceptionally or early in pregnancy.

EVIDENCE AND OPINION

Accepted criteria for a carrier screening program have been
previously published!! and can be summarized as follows:
* Serious recessive disorder
* Intervention available and impacts outcome
* High frequency of carriers expected
e Availability of inexpensive, reliable test

* high detection rate

* low false positive rate
* Access to genetic counselling
* Voluntary participation
The thalassemias and sickle cell disorders meet all the dis-
ease-specific criteria for screening: high frequency of carri-
ers, severity of disease, availability of a reliable and inexpen-
sive screening test, and intervention that will affect
outcome.
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Table 1. Key to evidence statements and grading of recommendations, using the ranking of the

Canadian Task Force on Preventive Health Care

Quality of Evidence Assessment*

Classification of Recommendationst

I: Evidence obtained from at least one properly randomized
controlled trial

11-1: Evidence from well-designed controlled trials without
randomization

11-2: Evidence from well-designed cohort (prospective or
retrospective) or case-control studies, preferably from more
than one centre or research group

11-3: Evidence obtained from comparisons between times or
places with or without the intervention. Dramatic results in
uncontrolled experiments (such as the results of treatment
with penicillin in the 1940s) could also be included in this
category

Ill:  Opinions of respected authorities, based on clinical
experience, descriptive studies, or reports of expert
committees

A. There is good evidence to recommend the clinical preventive
action

B. There is fair evidence to recommend the clinical preventive
action

C. The existing evidence is conflicting and does not allow to
make a recommendation for or against use of the clinical
preventive action; however, other factors may influence
decision-making

D. There is fair evidence to recommend against the clinical
preventive action

E. There is good evidence to recommend against the clinical
preventive action

L. There is insufficient evidence (in quantity or quality) to make
a recommendation; however, other factors may influence
decision-making

*The quality of evidence reported in these guidelines has been adapted from The Evaluation of Evidence criteria described in the Canadian Task Force

on Preventive Health Care.?®

tRecommendations included in these guidelines have been adapted from the Classification of Recommendations criteria described in the The Canadian

Task Force on Preventive Health Care.?®

THALASSEMIA

The thalassemias are the result of genetic defects that limit
the production of specific globin chains of the Hb mole-
cule. Thalassemias are named by reference to the affected

globin chain: o-thalassemia the o chain,
[-thalassemia the B chain. The major adult Hb, HbA, con-
sists of four globin chains (two alpha [0] and two beta []

chains, represented as a2f32), each linked to a heme mole-
cule. Other minor hemoglobins in adults include HbF (fetal

hemoglobin, oyz) and HbA2 (0282). A normal individual

involves

has a total of four a globin genes mapped to the short arm
of chromosome 16 (two genes per chromosome, repre-

sented as aor/ o) and two B globin genes mapped to the
short arm of chromosome 11 (one per chromosome, or

B/B). The B-like genes (such as y and 8) are nearby on chro-
mosome 11.

a~Thalassemia

o-Thalassemia occurs when a genetic mutation leads to
reduced synthesis from one or more of the four o-globin

genes.? o-Thalassemia refers to a deletion of both a globin
genes on the same chromosome (designated—/), while

at-thalassemia refers to a deletion of a single o globin gene,
leaving the other o globin gene on that chromosome intact
(i.e., o-/). In the large majority of cases of a-thalassemia,

the o globin chains are structurally normal: they are merely
reduced in quantity.
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Individuals with only one a globin deletion, that is, hetero-
zygotes for at-thalassemia, are known as silent carriers
(aa/0-).12 These individuals are asymptomatic and genet-
ally have normal routine hematologic findings: a CBC will
usually show normal Hb, MCV, and MCH. Rarely the MCV
and/or MCH can be low. Routine laboratory testing for
thalassemia (such as Hb electrophoresis, Hb HPLC, and H
body staining of a peripheral blood smear—see below) is
usually negative outside the newborn period. In general,
diagnosis of single gene deletion o-thalassemia can be
proven only by molecular (DNA) testing.

Individuals with two deleted copies of the a-globin gene
have o-thalassemia trait. These individuals are either het-
erozygotes for a'-thalassemia (aoL/—) or homozygotes for
(a-/a-). Both of
o-thalassemia trait (i.e. oo/—or o-/0-) ate essentially
identical clinically and on routine hematology testing.
Patients are generally asymptomatic. A CBC will typically
show microcytosis (low MCV, eg., < 80 fL) and
hypochromia (low MCH, e.g., < 27 pg); the patient may also
be mildly anemic. Despite anemia, the red blood cell count
is often mildly elevated. Hb electrophoresis and Hb HPLC
are normal in a-thalassemia trait after the newborn period,
and the HbA2 level is normal, which is not the case in

o.t-thalassemia these types of

[-thalassemia trait (see below for a discussion of HbA2 in

[-thalassemia). a-Thalassemia trait is usually diagnosed by
staining a peripheral blood smear with brilliant cresyl blue
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to detect abnormal red blood cell inclusions called H bod-
ies. Although not pathognomonic, the finding of H bodies
in the right clinical and ethnic context s typically considered
diagnostic of o-thalassemia trait. As noted above, patients
with a double deletion on one chromosome (awo./—) and
patients with single deletions on both chromosomes
(o-/a-) have essentally the same results in all these tests,
and can be differentiated only by molecular methods. Such
molecular distinction is crucial for the identification of a
couple at risk for having a fetus with four-gene deletion
o-thalassemia (hemoglobin Bart’s hydrops fetalis, or Hb
Bart’s disease,—/—). Hb Bart’s disease can occur only
when the fetus inherits a double deletion from each parent,
that is, when both parents are carriers of o-thalassemia,
oo/—. In such a situation, the couple has a 25% risk of
having a fetus with all four a globin genes deleted.

Hemoglobin Bart’s hydrops fetalis is characterized by
severe intrauterine anemia resulting in fetal hydrops and, in
almost all cases, intrauterine death. There are only rare case
reports of infants surviving with this condition. Without
any o globin production, these fetuses are unable to make
any fetal (HbF) or adult (HbA) hemoglobin. Instead, they
can produce only embryonic hemoglobins, which generally
cannot support life past the third trimester. Some of these
fetuses will also have congenital abnormalities such as ter-
minal limb defects.!? Pregnancies affected with hydrops
fetalis that continue should be monitored carefully for the
development in the mother of Ballantyne syndrome (also
known as mirror syndrome) as any severe fetal hydrops
with massive placental hydrops may produce this poten-
tially lethal maternal complication.!

Between the two-gene deletion of a-thalassemia trait and
the four-gene deletion in Hb Bart’s hydrops fetalis is the
three-gene deletion hemoglobin H disease. Patients with
Hb H disease have one functioning a globin gene (ot-/—):
they inherit af-thalassemia (—/) from one patent and
o-thalassemia (0-/) from the other. This condition is in
most cases clinically mild: many patients require occasional
transfusion of red blood cells, but these patients are usually
not considered “transfusion dependent.” However, marked
phenotypic variability has been noted, and some patients do
require regular transfusions to survive. There are even occa-
sional cases of Hb H disease presenting as hydrops fetalis.!
Patients with Hb H disease are usually anemic, microcytic,
and hypochromic on routine hematologic testing. Hb elec-
trophoresis and HPLC may show an abnormal hemoglobin,
Hb H, although in some cases this may be difficult to detect
or require special techniques. On H-body staining, almost
every red blood cell will show Hb H inclusions. Because Hb
H disease is generally clinically mild, most prenatal

screening programs for o-thalassemia are not designed to
prevent this condition; instead, screening programs typi-
cally focus on the lethal Hb Bart’s hydrops fetalis.

The different types of o-thalassemia are usually the conse-
quence of deletional mutations involving a globin gene loci.
There are rare non-deletional mutations affecting o globin
production, such as Hb Quong Sze and Hb Constant
Spring. In most respects these are similar to the more com-
mon deletional forms of a.-thalassemia, although some are
clinically more severe: for example, a patient with a
two-gene o globin deletion and a concomitant Constant
Spring a globin mutation (and therefore with the genotype

o-/ oS- or ool /—) will usually be more severely affected
and require more transfusion support than a patient with

routine three-gene deletion Hb H disease (ot-/—).

Non-deletional forms of o.-thalassemia can often be diag-
nosed by phenotypic laboratory methods (such as Hb elec-
trophoresis), or they may require molecular testing.

B-Thalassemia

-Thalassemia atises out of mutations in the 3 globin genes

on chromosome 11. These mutations can result in
decreased (B*) or absent () B globin production. As with

o-thalassemia, in B-thalassemia the B globin chains atre
structurally normal but quantitatively reduced.

Since normal individuals have two copies of the B gene,
individuals with one normal gene and one affected gene
(genotypically represented as B/B+ or B/BY depending on
the type of B gene mutation) are often asymptomatic. Clini-
cally these patients are described as having B-thalassemia

trait ot B-thalassemia minot. The CBC will show mild ot no
anemia, and MCV and MCH are usually low. Like

o.-thalassemia trait, the RBC count is often high. Because
reduced production of B globin means an inability to genet-
ate as much normal HbA (a2f2), they compensate by
increasing production of other B-like chains, namely 6 and
Y, leading to increases in the levels of the minor
hemoglobins HbA2 (0282) and HbF (azy2). The routine
diagnostic test is Hb electrophoresis or Hb HPLC: these
will demonstrate increases in HbA2 (i.e., > 3.5% of total
hemoglobin) and usually HbE (i.c., >1%).12 In the right clin-
ical and ethnic context, an elevated HbA2 is considered

diagnostic of B-thalassemia trait.

If two mutated B globin genes are inherited, one from each
parent, the patient may be clinically categorized as either

B-thalassemia intermedia or [-thalassemia major. In
intermedia there is limited § globin production; in contrast,

there is either zero or almost zero 3 globin chain synthesis
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in major. Genotypically, intermedia is usually 3*/B+ or pos-
sibly B*/BC, while B-thalassemia major is */B° or B0/
The clinical distinction between intermedia and major syn-
dromes is based on what degree of transfusion support is
required: intermedia patients may require periodic transfu-
sion, whereas in B-thalassemia major, regular lifelong red
blood cell transfusions are necessary. In both of these syn-
dromes, by 6 to 12 months of age, patients will be anemic,
microcytic, and hypochromic, and Hb electrophoresis or
HPLC will show elevated HbA2. Clinically, most of the
problems encountered by these patients are actually compli-
cations of transfusion rather than complications of the dis-
ease itself, and include iron overload syndromes and infec-
tious complications. Despite therapy, these complications
cause death in early adult life in most affected individuals,
unless a cure is achieved via successful bone marrow
transplantation.

VARIANT HEMOGLOBINS WITH
SIMULTANEOUS 3-THALASSEMIA

Clinically significant disease can occur from the co-
inheritance of a B-thalassemia mutation (B* or 3%) from one
parent, and a mutation that results in production of a

mutant (“vatiant”) B globin chain from the other parent.

The most common variant hemoglobins that may be
co-inherited with B-thalassemia are Hemoglobin S, Hemo-
globin E, and Hemoglobin C. HbS/B-thalassemia can pro-
duce a sickling syndrome of variable severity (see below).
Hemoglobin E is sometimes referred to as a “thalassemic
hemoglobinopathy,” because in addition to being structur-
ally abnormal it is produced in reduced quantities. HbE is
extremely common in some Southeast Asian populations,
reaching a gene frequency of up to 70% in northern Thai-
land.'® A patient who inherits a HbE mutation from one
parent and a P-thalassemia mutation from another
(HbE/B-thalassemia) will clinically be similar to a patient
with B-thalassemia intermedia or major. In fact, this combi-
nation (HbE/B-thalassemia) is one of the most important
causes of clinically severe thalassemia worldwide. Hemo-
globin C/-thalassemia is clinically and hematologically
very heterogeneous, ranging from very mild to very severe.

SICKLE HEMOGLOBINOPATHIES

Whereas the thalassemias are caused by gene mutations
resulting in decreased production of a or B globin chains,
the sickle cell disorders are hemoglobinopathies caused by
mutations in the B globin gene resulting in the production

of a structurally abnormal 8 globin chain. This abnormal
hemoglobin, HbS, forms a gel polymer at conditions of low
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oxygen tension. Collectively, the polymerized Hb molecules
force the red cell into a sickled shape, which may become
trapped in small blood vessels causing a wide variety of clin-
ically severe complications and increased mortality in
affected individuals.

Sickle Cell Anemia (HbSS)

Homozygous HbS disease, sickle cell anemia, affects indi-
viduals who have inherited from both parents the specific
HbS mutation in the B globin gene. In this condition, no
normal HbA is produced: instead, red cells contain primar-
ily HbS (with small amounts of HbA2 and HbF). In HbSS,
sickled RBCs have a considerably shorter life span than nor-
mal RBCs (due to extravascular hemolysis) and cause intet-
mittent episodes of vascular occlusion under conditions of
decreased oxygen tension. This causes tissue ischemia, and
acute and chronic organ dysfunction involving the spleen,
brain, lungs, and kidneys. Pain and swelling of hands and
feet (hand-foot disease) is a frequent early presentation of
this disease in infants and young children, and occurs as a
result of aseptic necrosis of the small carpal and tarsal
bones. The hemolysis leads to chronic anemia and predis-
poses the patient to aplastic crises.!’

In contrast to the generally severe manifestation of homo-
zygous HbS, heterozygous carriers (i.e., HbS heterozygotes,
designated HbAS) are asymptomatic and have normal red
cell indices on CBC, with normal RBC morphology on
peripheral blood smear. Both HbSS and HbAS are routinely
diagnosed by Hb electrophoresis or HPLC.

Other Sickle Cell Disorders

The clinical picture of sickle cell anemia is also seen in indi-
viduals with genetic mutations other than HbSS. The two
most common other situations are co-inheritance of HbS
and HbC (also known as SC disease), and the co-inheritance
of HbS with B-thalassemia (i.e., S/B-thalassemia).!” Sickling
syndromes also occur in individuals who co-inherit HbS
with other hemoglobinopathies, such as HbD.

Individuals with SC disease inherit the B gene mutation
responsible for HbS from one parent, and the 3 gene muta-
tion for HbC from the other parent. These individuals usu-
ally are less severely affected than individuals with HbSS.
SC can generally be diagnosed with Hb electrophoresis or
HPLC, as can other double heterozygote conditions like SD.

The clinical severity of S/B-thalassemia depends on the
type of PB-thalassemia mutation. If the patient is S/, then
no normal 3 globin chains are produced: one gene produces

only the S version of the B chain, and the other gene pro-
duces nothing. Like patients with HbSS, these patients have
“only” HbS (plus HbA2 and HbF), and no HbA. The clini-
cal and hematological findings are comparable to sickle cell
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anemia (with some differences, such as microcytosis in
S/B-thalassemia but not in HbSS). If the patient is instead
S/B*, then some functioning B globin is produced, and
therefore some HbA is present. These patients have a
milder sickling syndrome than HbSS or S/ 0. Differentiat-
ing S/PO-thalassemia from HbSS requires not only Hb
HPLC but also additional information such as CBC results,
physical examination findings, and occasionally family or
molecular studies.

SCREENING FOR THALASSEMIA
AND HEMOGLOBINOPATHIES

Populations at increased risk for thalassemia or sickle cell
disorders are listed in Table 2. Of note, Japanese, Koreans,
Caucasians of Northern European ancestry, Native Ameri-
cans (First Nations in Canada), and Inuit are not at
increased risk of hemoglobinopathies.!® From a practical
point of view, one can take the approach that any patient
who is not Japanese, Korean, Caucasian of Northern Euro-
pean ancestry, First Nations, or Inuit should be screened.

There are a variety of approaches worldwide to screen for o - and
[-thalassemia that are based on the clinical presentation of
these disorders. A relatively common approach has con-
sisted of a complete blood count to assess the mean cell
volume and the mean cell hemoglobin.!” The finding of a
normal MCV (i.e., 2 80 fL) in combination with a normal
MCH (e, = 27 pg) would rule out most cases of
thalassemia and would require no additional thalassemia
testing. For individuals with MCV < 80 fL. or MCH
< 27 pg, the next step is hemoglobin electrophoresis or
HPLC, quantitation of HbA2 and HbF, and a blood smear
stained for H bodies. This approach is generally successful
in women and couples at risk of having children with severe
thalassemic syndromes. However, it may fail to detect carri-
ers of hemoglobinopathies such as HbS, HbC, or HbD,
because hemoglobinopathy heterozygotes may have a nor-
mal CBC (normal MCV and normal MCH). Given that
homozygosity and compound heterozygosity for a
hemoglobinopathy thalassemia can produce very significant
morbidity and eatly mortality, hemoglobinopathy screening
may be as important as screening for thalassemias.?’ Detec-
tion of hemoglobinopathy carriers cannot be reliably per-
formed by CBC alone and requires hemoglobin HPLC or
electrophoresis.2! Therefore it is appropriate to recommend
that all pregnant women from an ethnic background at
increased risk of hemoglobinopathy and/or thalassemia be
screened by both CBC, to assess the MCV and MCH, and a
hemoglobin electrophoresis or HPLC.

* An MCV 280 fL. and an MCH 2 27 pg, with a normal
electrophoresis or HPLC, requires no further testing.

* Individuals with an MCV < 80 fL. or MCH < 27 pg can
have a- and/or B-thalassemia and/or iron deficiency
anemia.

* In general, B-thalassemia trait can be reliably diagnosed
by hemoglobin electrophoresis or HPLC, with HbA2
and HbF quantitation. Patients with B-thalassemia trait
have an elevated HbA2, i.e., > 3.5%.

* In patients with a low MCV, but with a normal Hb
electrophoresis/HPLC and HbA2 and HbF
quantitation, the differential diagnosis includes iron
deficiency anemia and o-thalassemia. A serum ferritin
(to exclude iron deficiency anemia) and a smear to
screen for the H bodies of o-thalassemia are therefore
required. For pregnant patients, these tests (ferritin and
H body stain) should be ordered concurrently. In the
right clinical context (e.g., microcytic anemia in an
“ethnically appropriate” patient), the presence of H
bodies can identify the patient as a carrier of
o-thalassemia.

* H body testing is not 100% sensitive (see below), and
therefore the absence of H bodies does not completely
exclude o-thalassemia carrier status in an ethnically
at-risk patient. If iron deficiency is ruled out in a
pregnant woman with a negative H body test, testing of
the partner remains crucial to determine the risk of
having an affected fetus with Hemoglobin Bart’s
hydrops fetalis. Molecular studies may also be done to
confirm or exclude carrier status for a-thalassemia.

* Hemoglobin electrophoresis or HPLC will allow
identification of Hb variants, such as HbS, C, D, and
E. A phenotypic sickle cell preparation (such as a slide
or tube sickling test) is not helpful in identifying other
types of B globin variants besides HbS, so should not
be used as a carrier screen for hemoglobinopathies.

¢ The finding of any abnormality (e.g., low MCV or
MCH, or abnormal hemoglobin electrophoresis or
HPLC) requires screening of the partner, which entails
CBC, smear for H bodies, hemoglobin electrophoresis
or HPLC, and HbA2 and HbF quantitation. If the
patient is pregnant, testing of the partner should be
done promptly.

e If both partners are found to be carriers of hemoglobin
mutations (i.e., any combination of thalassemias and
Hb variants), they should be referred for genetic
counselling, ideally in the pre-conception period, or as
catly as possible in the pregnancy. Additional molecular
studies may be required to clarify the risk to the fetus.

Please note that the foregoing paragraphs make repeated
reference to the use of an H body stain on peripheral blood

to test for a-thalassemia. Although this is a very useful test
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Table 2. Geographic distribution of ethnic populations at increased risk for

thalassemia or sickle cell disorders

Regions of Origin

Thalassemia Sickle Cell Disease

Africa

Mediterranean region

e.g., Sardinia, Corsica, Sicily, Italy, Spain, Portugal, Greece, Cyprus,

Turkey, Egypt, Algeria, Libya, Tunisia, Morocco, Malta
Middle East

e.g., Iran, Iraq, Syria, Jordan, Saudi Arabia and other Arabian peninsula
countries, Qatar, Lebanon, Palestine, Israel (both Arabs and Sephardic

Jews affected), Kuwait
South East Asia

e.g., India, Afghanistan, Pakistan, Indonesia, Bangladesh, Thailand,

Myanmar

Western Pacific region

e.g., China, Vietnam, Philippines, Malaysia, Cambodia, Laos

Caribbean countries

South American countries

T T
T T
T 0
0 T in parts of India
4 _
T 0
T T

if performed in a laboratory that has experience in perform-
ing these tests, its sensitivity has been called into question.
For example, a 1992 study?? found that the sensitivity of the
H body stain in patients with a double a deletion (i.e.,
oo/—) was approximately 90%; in other words, almost
10% of patients with an olo,/—genotype had a false nega-
tive H body stain. Given this limitation, in women found to
have unexplained low MCV or MCH whose partner is
shown to be or suspected to be a carrier of o.-thalassemia,
molecular analysis for a-thalassemia should be done even if
the H body screen is negative. As molecular analysis for
o-thalassemia (e.g., multiplex PCR) becomes faster and
more inexpensive, some laboratories may wish to omit the

H body stain and proceed directly to molecular screening in
all cases with unexplained low MCV or MCH.

The Figure illustrates the approach to screening. Given the
autosomal recessive nature of thalassemia and sickle cell
disorders, the identification of any individual as a carrier
indicates that the mutation is segregating in the family. Car-
riers need to be informed that their siblings, their children,
and other family members are at increased risk of being car-
riers and should discuss the matter with their health care
providers.

INDICATIONS FOR ADDITIONAL MOLECULAR
TESTING AND REFERRAL TO A GENETIC CENTRE

A number of clinical scenarios arising from screening will
require molecular (DNA) testing to clarify the carrier status,
and hence the risk of having an affected child, and/or to
provide the information required for prenatal diagnosis.
These studies can be facilitated through referral to a clinical
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genetics unit. Table 3 provides the most common indica-
tions for molecular testing in the context of screening for
hemoglobinopathies.

Prenatal Diagnosis

Prenatal diagnosis by DNA analysis of chorionic villi or
amniocytes should be offered to all carrier couples at risk of
having a child with a clinically significant thalassemia or
sickle cell disorder, and should be performed with the
informed consent of the woman or couple.

For couples at risk of severe a-thalassemia who decline
invasive prenatal diagnosis, or who present after 20 weeks
of gestation, ultrasound assessments in a tertiary centre to
determine the fetal cardiothoracic ratio could be offered.
This has been shown to be a reliable mean of identification
of a fetus with Hb Bart’s hydrops fetalis.? This can be done
at 18 and 22 weeks’ gestation. A four chamber cardiac view
is obtained, and the fetal transverse cardiac diameter at the
level of the atrioventricular valves between the epicardial
surfaces is measured and expressed as a ratio against the
transverse thoracic diameter.2324 A cardiothoracic ratio
level equal to or greater than 0.5 identifies all affected preg-
nancies and has a false positive rate of 8%. No false
positives were noted if the cardiothoracic ratio was
> 0.53.23 An abnormal finding on ultrasound examination
should lead to confirmatory studies by DNA analysis of
amniocytes or chorionic villi, if termination of pregnancy is
being considered.

Doppler measurement of the middle cerebral artery peak
systolic velocity (MCA-PSV) may be another approach to

assess pregnancies at risk of severe o.-thalassemia when the
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Approach to screening

Ethnic background

Patient or her partner at 1l risk for thalassemia and/or hemoglobinopathy

CBC (MCV & MCH), and Hb
electrophoresis or HPLC

!

Ferritin & smear for
H bodies on patient, and
screening of partner with
CBC, Hb electrophoresis/

HPLC, HbA2, HbF

MCV = 80fL MCV < 80fL or MCV < 80fL and/or Hb variant
MCH =27 pg MCH < 27pg, MCH <27pg,with (e.g. HbS, HbC,
Normal Hb and Normal Hb increased Hb A2 or F HbD, HbE)
Electrophoresis/ electrophoresis/HPLC

HPLC

CBC, Hb electrophoresis/
HPLC, and
HbA2 and Hb F
quantitation on partner

Partner shows

totally normal result

One partner § thal trait

Partner shows
totally normal result One partner « thal trait

Both carriers
of HbS, HbC
HbD or HbE

Both are B thal trait,
or one is B thal trait and the
other HbS, HbC, HbD or Hb E

A

Both positive for a thal by H body, or
both possible « thal trait (low MCV, low
MCH, normal HbA2, normal ferritin)

Genetic consultation recommended for additional molecular studies if indicated, and
counselling regarding risk of clinically significant hemoglobinopathy or thalassemia in
fetus. Prenatal diagnosis should be offered to couples at risk

Reassurance — low risk of clinically significant hemoglobinopathy or thalassemia in fetus

woman or couple decline invasive prenatal diagnosis. This
approach has, however, not been validated in the second
trimester for this indication. A number of studies have dem-
onstrated the use of MCA-PSV to estimate hemoglobin
concentration in fetuses at risk of anemia, but most of those
fetuses were at risk because of maternal red cell
alloimmunization or congenital infection.?>2¢ One study
reports on MCA-PSV in the investigation of non-immune
hydrops, with only one case in their series due to
o-thalassemia.?’” In that one case, there was a correlation
between the severity of the anemia present and increased
MCA-PSV. The only study that has investigated the use of
MCA-PSV in a series of 19 affected fetuses homozygous
for a¥-thalassemia (i.e., genotype—/—) did so at 12 to 13
weeks’ gestation. Although at that gestational age the
affected fetuses had significantly higher MCA-PSV, exten-
sive overlap was noted between affected and unaffected
fetuses, precluding the use of this method in predicting

anemia at that gestational age.28 No similar study has been
done at 18 to 20 weeks’ gestation.

Finally, the finding of hydrops fetalis on ultrasound in the
second or third trimester in a pregnant patient with an
ethnic background giving an increased risk of a-thalassemia
should prompt immediate investigation of the pregnant
woman and her partner to determine their carrier status for

o-thalassemia.

Postnatal Diagnosis

If prenatal testing is not conducted in a pregnancy at risk of
thalassemia or a sickle cell disorder, testing of the child
should be performed to allow early diagnosis and referral to
a pediatric hematology centre, if indicated. Although molec-
ular testing can be done at any age, the timing of hematolog-
ical testing (should molecular testing not be available)
depends on the type of hemoglobin abnormality in
question.
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Table 3. Indications for referral to medical genetics for additional molecular studies and

counselling

Clinical scenario

Testing required

Both members of the couple are found to be B-thalassemia carriers

DNA analysis of the B globin gene

One partner is a B-thalassemia carrier and the other partner is a carrier of an Hb variant

(e.g., HbS, HbE)
Both partners are carriers of HbS

One partner is a carrier of HbS and the other is a carrier of HbC or HbD

One partner is a B-thalassemia carrier and the other is an o thalassemia carrier.

Both partners are a-thalassemia carriers

DNA analysis of the a globin locus

Both partners have low MCV or low MCH, with normal iron studies and normal hemoglobin

electrophoresis/HPLC

Homozygous and compound heterozygote
hemoglobinopathies (e.g., HbSS and HbSC, respectively),
as well as the most severe B-thalassemic syndromes (e.g.,
O-thalassemia) can be diagnosed in infancy with Hb HPLC.
The first week of life is also an excellent time to diagnose

o-thalassemia by Hb HPLC.

In contrast, making a conclusive diagnosis of some hetero-
zygous hemoglobinopathies or thalassemias (e.g., Hb E
trait, or B-thalassemia trait) can be more difficult before six
months of age, unless molecular methods are used. Fortu-
nately there are few clinical reasons to seek out most “trait”
diagnoses in infancy, so investigation can be easily deferred
for most of these patients until they are at least six months
old. There are in general good reasons to identify pediatric
“trait” patients (e.g., to explain a persistent microcytosis in a
child), but these conditions do not usually have to be
identified in infancy.

If there is any confusion about the timing or nature of
appropriate testing for these disorders in infants or chil-
dren, consultation with a hematopathologist or pediatric
hematologist may be useful.

Recommendations

1. Carrier screening for thalassemia and hemoglobin-
opathies should be offered to a woman if she and/or her
partner are identified as belonging to an ethnic popula-
tion whose members are at higher risk of being carriers.
Ideally, this screening should be done pre-conceptionally
or as eatly as possible in the pregnancy. (II-2A)

2. Screening should consist of a complete blood count, as
well as hemoglobin electrophoresis or hemoglobin high
performance liquid chromatography. This investigation
should include quantitation of HbA2 and HbF. In
addition, if there is microcytosis (mean cellular vol-
ume < 80 fL) and/or hypochromia (mean cellular
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hemoglobin < 27 pg) in the presence of a normal hemo-
globin electrophoresis or high performance liquid chro-
matography the patient should be investigated with a
brilliant cresyl blue stained blood smear to identify H
bodies. A serum ferritin (to exclude iron deficiency ane-
mia) should be performed simultaneously. (I11-A)

3. If a woman’s initial screening is abnormal (e.g., showing
microcytosis or hypochromia with or without an ele-
vated HbA2, or a variant Hb on electrophoresis or high
performance liquid chromatography) then screening of
the partner should be performed. This would include a
complete blood count as well as hemoglobin electropho-
resis or HPLC, HbA2 and HbF quantitation, and H body
staining. (III-A)

4. If both partners are found to be carriers of thalassemia or
an Hb variant, or of a combination of thalassemia and a
hemoglobin variant, they should be referred for genetic
counselling. Ideally, this should be prior to conception,
or as early as possible in the pregnancy. Additional
molecular studies may be required to clarify the carrier
status of the parents and thus the risk to the fetus. (II-3A)

5. Prenatal diagnosis should be offered to the pregnant
woman/couple at tisk for having a fetus affected with a
clinically significant thalassemia or hemoglobinopathy.
Prenatal diagnosis should be performed with the
patient’s informed consent. If prenatal diagnosis is
declined, testing of the child should be done to allow
carly diagnosis and referral to a pediatric hematology
centre, if indicated. (II-3A)

6. Prenatal diagnosis by DNA analysis can be performed
using cells obtained by chorionic villus sampling or
amniocentesis. Alternatively for those who decline inva-
sive testing and are at risk of hemoglobin Bart’s hydrops
fetalis (four-gene deletion oi-thalassemia), serial detailed

fetal ultrasound for assessment of the fetal
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cardiothoracic ratio (normal < 0.5) should be done in a
centre that has experience conducting these assessments
for early identification of an affected fetus. If an abnor-
mality is detected, a referral to a tertiary care centre is rec-
ommended for further assessment and counselling. Con-
firmatory studies by DNA analysis of amniocytes should
be done if a termination of pregnancy is being consid-

ered. (II-3A)

7. The finding of hydrops fetalis on ultrasound in the sec-

ond or third trimester in women with an ethnic back-
ground that has an increased risk of a-thalassemia
should prompt immediate investigation of the pregnant
patient and her partner to determine their carrier status
for a-thalassemia. (I1I-A)
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