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1 Summary

Hereditary spherocytosis (HS) belongs to the group of hemolytic anemias. It is caused by differ-
ent mutations in the genes for a-spectrin, B-spectrin, ankyrin-1, band 3 or protein 4.2. The
majority of mutations are inherited in an autosomal dominant manner. They lead to a loss of
cohesion between the membrane skeleton and the lipid layer. Due to the altered erythrocyte
deformability, the erythrocytes are increasingly degraded in the spleen.

The clinical manifestation is highly variable and ranges from asymptomatic courses to clinically
relevant hemolysis symptoms. There is no causal therapy. In many patients, an observational
approach is indicated. The most effective therapy is splenectomy. In symptomatic patients, par-
tial or total splenectomy is recommended.

2 Basics

2.1 Definition and basic information

Hereditary spherocytosis (HS) is a heterogeneous group of disorders of erythrocytes. The com-
mon denominator are structural membrane defects that lead to changes in erythrocyte
deformability. The very variable clinical expression is due to the different mutations of the
membrane protein genes, the different functional effects and the respective mode of inheri-
tance.

The clinical picture was first described in the second half of the 19th century. In 1900, Oskar
Minkowski published his observations on familial clustering [1]. Hereditary spherocytosis
belongs to the congenital hemolytic anemias, the name is due to the microscopic aspect of
spherical cells in the blood smear.

2.2 Epidemiology

The prevalence is estimated to be about 1:2,500 - 5,000 in Germany, exact numbers are not
available [2]. Hereditary spherocytosis is by far the most common congenital hemolytic anemia
in individuals with a northern or central European background, but belongs to the rare diseases
[3].

2.3 Pathogenesis
Common causes of the various forms of hereditary spherocytosis are defects in the proteins of
the erythrocyte membrane. As a result, the cohesion with the lipid bilayer is disturbed, and the

surface area and deformability of the erythrocytes are progressively reduced. One of the conse-
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quences is accelerated degradation of the dysfunctional erythrocytes in the spleen. In heredi-
tary spherocytosis, the genes for the membrane proteins ankyrin, band 3, and spectrin are
most commonly affected [4, 5]. Less common are alterations in the genes of protein 4.2, the Rh
complex, and cases in which the protein defect is not definable. In about 75% of affected indi-
viduals, the disease is inherited in an autosomal dominant manner. In the remaining patients,
recessive inheritance or new mutations are present. A classification based on the molecular
basis is shown in Table 1 [4, 5, 6, 7].

Table 1: Molecular classification of hereditary spherocytosis.

Protein Gene Frequency? Inheritance? Progress form3 oMiM4
Ankyrin-1 ANK1 40 - 65% autosomal domi- mostly moderate; rarely #182900
nant light or heavy
o Spectrin, SPTA1 <5% autosomal reces- mostly light, #270970
sive rarely severe with biallelic
mutations
B Spectrin, SPTB 15 - 30% autosomal domi- easy to medium #182870
nant
Gang 3 SLC4A1 20 -35% autosomal domi- easy to moderate; #109270
nant very rarely severe reces-
sive form
Protein 4.2 EPB42 <5% autosomal reces- easy to medium #612690
sive
Legend:

1 Frequency - relative frequency in Central Europe;
2 related to monoallelic forms;

3 progression form - see Table 2;

4 OMIM - Online Mendelian Inheritance in Man [8].

The spectrum of mutations in affected genes is diverse: splicing, skipping, missense, nonsense,
deletion, frameshift, polymorphisms [7, 8, 9, 10]. Many genetic aberrations are 'personal’, i.e.
specific to the affected family [11, 12, 13]. The clinical picture of HS within a family is often
very similar.

3 Prevention and screening

Screening of asymptomatic newborns is not established. In children of patients with dominantly
inherited HS, special attention should be paid to hemolysis symptoms [2, 14].

4 Clinical picture

4.1 Symptoms

The clinical spectrum of hereditary spherocytosis ranges from severe cases requiring transfu-
sion already in childhood to asymptomatic patients with incidental diagnosis in old age on the
occasion of a laboratory examination for other indications. The characteristic findings and typi-
cal complications are summarized in Tables 2 and 3.
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Table 2: Characteristic findings in hereditary spherocytosis

Symptom Note

Anemia Coombs negative

Icterus indirect bilirubin increased
Splenomegaly variable level

Family history positive in most patients (75%)

Table 3: Typical complications of hereditary spherocytosis

Symptom Note

Cholelithias due to chronic hemolysis

aplastic crisis most frequently after first time infection with parvovirus B19
hemolytic crisis after intercurrent infections

megaloblastic crisis in patients with folic acid deficiency

Hemolytic crises occur repeatedly, especially in the context of intercurrent infections. The
course is usually mild in young adults and blood transfusion is not required. The aplastic crisis
is usually unique. It may result in a severe drop in hemoglobin concentration, requiring blood
transfusion. Cardiovascular complications, extramedullary hematopoiesis, or secondary
hemochromatosis are rare [5, 15]. Before making the diagnosis of secondary hemochromatosis
in HS, primary causes such as HFE-associated hereditary hemochromatosis must be excluded.
Hemolytic crises occur repeatedly, especially in the setting of intercurrent infections. The
course is usually mild in young adults and blood transfusion is not required.

The chronically increased hemolysis can lead to extramedullary hematopoiesis with the clinical
picture of intrathoracic, paravertebral tumors even in patients with a mild form of progression -
who were not splenectomized - after decades of progression. Leg ulcers may occur in elderly
patients.

A classification of hereditary spherocytosis based on clinical severity can be found in Table 4
[2,11, 16].

Table 4: Clinical classification of hereditary spherocytosis

Carrier easy moderately dif- heavy Very heavy
ficult

Patients (%) 25-30 60 - 70 10 3-5
Hemoglobin (g/L) normal 11-15 8-11 6-8 <6
Reticulocytes (%) 1-4 <6 =6 > 10 > 10
Bilirubin (mg / dL) <1 1-2 =2 =2-3 =3
Blood smear normal, occasionally isolated sphero- spherocytes spherocytes microspherocytes

isolated spherocytes cytes detectable detectable poikilocytosis
Transfusion no 0-1 0-2 =3 regularly

requirements

Legend:
1 Relative frequency (%);
2 osmotic fragility;



4.2 Asymptomatic persons with abnormal laboratory parameters

A special group are carriers (adults without clinical symptoms and without a positive family his-
tory) in whom abnormal laboratory parameters were found by chance. Evidence of hereditary
spherocytosis is summarized in Table 5 [16]:

Table 5: Laboratory evidence of hereditary spherocytosis

Parameter Comments

MCHC above the normal limit (35 or 36 g/dl)*. a high specificity has the combination of MCHC above the
normal limit
and RDW >15%;
In abortive mild forms, however, RDW values are rarely

increased
Reticulocytes increased may occur intermittently
Spherocytes single
LDH increased rare
Indirect bilirubin increased
Haptoglobin decreased occasionally also normal in asymptomatic individuals
Multiplication of hyperchromic, hyperdense erythrocytes especially in moderate and severe spherocytosis
slight increase in osmotic fragility in the particularly sensitive test methods (AGLT)

decreased binding of eosin-5-malemide (band 3) to the erythrocyte EMA test pathological
membrane

Legend:
* see chapter 4.3 for a more detailed presentation of the parameter MCHC

The combination of several parameters confirms the suspected diagnosis of a predisposition for
HS. If no spherocytes are detectable, no changes in indices are present, and reticulocytes are
normal, hereditary spherocytosis cannot be ruled out, but it is unlikely that this individual will
become symptomatic. Differentiation between a clinically asymptomatic predisposition and a
mild form of spherocytosis can be difficult. Occasionally, mild forms may exacerbate in
splenomegaly of other etiologies (e.g., lymphoma) or in viral infections (EBV, parvovirus).

4.3 MCHC as an indicator of erythrocyte membrane disease

The increased MCHC value (Mean Cellular Hemoglobin Concentration) has a special significance
in the identification of spherocytosis patients. It measures the hemoglobin concentration in
hemoglobin per 100 ml erythrocytes.

Increased MCHC levels may be due to medical, but also to technical reasons:

* hemoglobin level determined too high in case of plasma opacities of any kind
* erythrocyte count determined too low, e.g. in the case of coagulated blood
* high titre cold agglutinins

* hereditary membrane disorders of erythrocytes as in hereditary spherocytosis and vari-
ants such as xerocytosis

* hemoglobin CC abnormality
* homozygous sickle cell disease (occasionally)

* hemochromatosis patients with massive iron overload [15], also depending on genotype.



5 Diagnosis

5.1 Diagnostics for suspected hereditary spherocytosis

The diagnostic steps in adults are shown in Tables 6 and 7 and as an algorithm in Figure 1.

Table 6: Basic diagnostics for suspected hereditary spherocytosis and evaluation of diagnostic criteria

Parameter Specification Evaluation
(mandatory) (as a diagnostic criterion)
Family history ¢ autosomal dominant or recessive * optional
Splenomegaly * Physical examination * optional

e Ultrasound

Blood count automatically ¢ Anemia * optional
« MCHC! > 35 g/dl + optional
« Anisocytosis (RDW?2 ) * optional
Blood count microscopic * Spherocytes « variable3 4
* Anisocytosis « optional
increased hemolysis * Reticulocytes increased or normal ¢ at least 2 parameters mandatory

* low percentage of immature reticulocytes
* Indirect bilirubin increased

« LDHS increased
¢ Haptoglobin not detectable

Coombs test * negative ¢ mandatory

Legend:

I MCHC - mean corpuscular hemoglobin concentration;

2 RDW- size distribution of erythrocytes in automatic blood count;
3 detectable only in perfect smears;

4 microscopic picture may be uncharacteristic in adults; few or no spherocytes may be detectable in mild forms, while
polychromasia and anisocytosis are almost always seen;

5 DH - lactate dehydrogenase;

Table 7: Further diagnostics for suspected hereditary spherocytosis

Parameter Specification

Osmotic fragility Acidified Glycerol Lysis Time (AGLT)
Flow cytometry Eosin-5-maleimide binding
Ektacytometry * currently not available in Germany

e available in Switzerland

Membrane analysis SDS PAGE

Gene analysis Sequencing of candidate genes: linkage analysis

There is no single test that detects all forms of hereditary spherocytosis and reliably differenti-
ates them from other forms of membrane-related hemolytic anemias [16, 17, 18, 19, 20, 21].
Therefore, examination with two test methods is recommended. Sensitivity of up to 100% can
be achieved in the combination of AGLT and EMA test [18]. The examination of osmotic resis-
tance with hypotonic salt solutions has a significantly lower sensitivity than AGLT and EMA test.



5.1.1 Acidified Glycerol Lysis Time (AGLT)

The AGLT test measures the time to 50% hemolysis of a blood sample in a hypotonic saline/
glycerol solution. Determination of hemolysis time with the Acidified Glycerol Lysis Time (AGLT)
has high specificity, with sensitivity ranging from 80 to 95% [22]. The test must be performed
within hours of blood collection or on samples sent by express mail (cooled shipping depending
on the season)! It can also be positive in patients with acquired hemolytic anemia, chronic renal
failure, or myelodysplastic syndrome [19].

5.1.2 Flow cytometry (eosin-5-maleimide test)

The flow cytometric method (EMA test) was introduced in 2000 [23]. It is based on the
decreased binding of the fluorescent dye eosin-5-maleimide in patients with hereditary sphero-
cytosis compared to normal subjects. Sensitivity is 90 - 95%, specificity is 95 - 99%. Maximum
delay between blood collection and test performance may not exceed 48 hrs. In hereditary
pyropoikilocytosis the fluorescent dye is bound even less than in hereditary spherocytosis, in
stomatocytosis the binding is increased [17]. The binding of eosin-5-maleimide may also be
decreased in patients with congenital dyserythropoietic anemia type Il (CDA type II).

5.1.3 Ektacytometry

Precise characterization of osmotic fragility (and differentiation between spherocytosis and
macrocytic stomatocytosis) is possible by means of osmotic gradient ektacytometry; however,
this procedure is currently available in only a few laboratories and not in all countries. Since the
examination can only be done in fresh blood samples taken at the site of examination, ektacy-
tometry is reserved for a few exceptional cases in which the diagnosis cannot be clarified other-
wise.

5.1.4 Membrane Analysis

Biochemical analysis by gel electrophoresis can be used quantitatively to detect the decreased
membrane proteins and qualitatively to identify the affected proteins. It rarely contributes to
diagnostics.

5.1.5 Genetic Analysis

Molecular genetic diagnostics identifies the patient- or family-specific genetic defect [9]. Due to
the numerous target genes with the heterogeneity of possible mutations as well as the associ-
ated considerable costs, it is reserved for special cases in which a therapeutic consequence
results from the diagnosis.

With all diagnostic methods, there are false positive and / or false negative results. Therefore,
the diagnosis in individuals without a positive family history should generally not be based on
one method, e.g., osmotic resistance only or EMA only or biochemical membrane diagnostics
only. At least 2 different methods should be used. Also, future, diagnostic tests will have to be
compared in their specificity and sensitivity with these laboratory methods.



Figure 1: Diagnostic algorithm for suspected hereditary spherocytosis

Basic diagnostics?

Negative

Differential Diagnosis

Ektacytometry®

exceptionally

Protein analysis
Genetic analysis
Legend:

I characteristic symptoms - anemia, icterus, splenomegaly, hemolytic or aplastic crisis after viral infection;

2 abnormal laboratory findings - MCHC > 35 and RDW > 15 %, reticulocytes increased, hemolysis parameters
positive;

3 Basic diagnostics - physical examination;, CBC with microscopic differentiation of erythrocytes, reticulocytes,
LDH, bilirubin, haptoglobin, direct Coombs test;

4 osmotic fragility - see chapter 5. 1. 1.
> flow cytometric assay for dye binding, see chapter 5. 1. 2.
6 ektacytometry - see text chapter 5. 1. 3.

5.2 Differential diagnosis

The differential diagnosis in adult patients with hyperregenerative normochromic anemia and
spherocytes includes:

5.2.1 Hereditary

Hereditary elliptocytosis [6, 7]: Findings of the basic diagnostics are largely identical to those of
hereditary spherocytosis, but the osmotic fragility of erythrocytes is usually increased only in
moderate to severe cases. The leading diagnostic procedure is the microscopic analysis of the
blood smear with identification of elliptocytes. This also applies to spherocytic elliptocytosis, in
which spherocytes are found in addition to elliptocytes.

Hereditary pyropoikilocytosis: Caused by homozygosity for spectrin abnormalities with a posi-
tive family history for hereditary elliptocytosis. Flow cytometric analysis (EMA test) shows
clearly decreased binding of the dye as in HS. Crucial are the blood smear and a pronounced
reduction of the MCV to values below 70 fl, in contrast to other membranopathies.

Hereditary defects of erythrocyte membrane cation permeability: differential diagnosis is sum-
marized in Table 8 [6, 7, 24, 25].



Table 8: Hereditary defects of the cation permeability of the erythrocyte membrane [modified from 24]

Stomatocytosis with Cryohydrocytosis Familial pseudohyper- Xerocytosis
cellular hyperhydra- kalemia
tion
Hemolysis moderate to severe mild to moderate mild to normal mild to moder-
ate
MCV 110 - 150 90 - 105 82 -104 84 - 122
(80 - 100 fl)
MCHC 24 - 30 34 - 38 33-39 34 - 38
(32 - 36 g/dL)
Erythrocytic Nat 110 - 140 75 - 105 87-109 75-99
/K* (95-110
mmol/L Ery)
Osmotic fragility Extremely increased Normal to slightly Slightly decreased Decreased
increased
Intrauterine no no no Low to strong
ascites
Response to high risk of complica- bad Splenectomy not required bad
splenectomy tions
Legend:

MCV - mean corpuscular volume; MCHC - mean hemoglobin concentration,

Hereditary stomatocytosis: The blood smear is crucial in this very rare clinical picture. Differen-
tiation is important because splenectomy is often ineffective and associated with increased risk
of thromboembolism. After storage of the blood sample at 4° C for 2 hours, serum potassium
and MCV increase, MCHC normalizes.

Hereditary xerocytosis (formerly also dehydrated hereditary stomatocytosis): Largely unre-
markable blood count, only rarely stomatocytes and echinocytes (especially in phase contrast
microscopy). Osmotic fragility is slightly decreased. Patient history shows frequent intrauterine
hydrops with ascites. Splenectomy is not effective and contraindicated due to increased risk of
thromboembolism.

Congenital dyserythropoietic anemia type Il: Although single spherocytes are also detectable in
the smear, it shows marked poikilocytosis, almost always with basophilia. The reticulocyte
count is often normal, but always not adequately increased in relation to the anemia. In case of
doubt, detection of dyserythropoiesis in bone marrow aspirate is required for definite differenti-
ation. The diagnosis is confirmed by the detection of the mutation of the SEC23B gene.

Other forms of congenital hemolytic anemia: Hereditary enzyme defects or structural defects of
the hemoglobin genes also cause hemolytic anemia. Often, microscopic differential blood count
can guide further diagnosis.

5.2.2 Acquired

* Autoimmune hemolytic anemia, especially the rare forms with a negative direct Coombs
test

* Microangiopathic hemolytic anemia

¢ Hemolytic - uremic syndrome

* Hypophosphatemia

* (Delayed) hemolytic transfusion reaction

* Hemolysis of toxic or infectious origin



6 Therapy

There is no causal therapy for the genetic defect. The most effective symptomatic therapy is
splenectomy. In symptomatic cholelithiasis, cholecystectomy is indicated [16, 26].

6.1 Splenectomy

Splenectomy often leads to reduction of anemia and regression of increased hemolysis parame-
ters. The changes in the smear, on the other hand, usually become more obvious than before.
The indication for splenectomy is usually given in childhood, but if possible not performed
before school age [2]. However, it must also be considered in adulthood depending on the clini-
cal findings [16, 26]. Splenectomy is also an option in adults with extramedullary
hematopoiesis. Whether extramedullary hematopoiesis subsequently regresses is an open
question.

If hemolysis persists after splenectomy, the diagnosis must be questioned again, a search must
be made for an accessory spleen and this needs to be removed if necessary. The indication for
splenectomy depends on the clinical severity, see Table 9 [2, 16].

Table 9: Indications for splenectomy

Severity Recommendation
Mild usually not required
Moderate ¢ In case of multiple hemolytic crises

¢ with >2 transfusions in the last years
* with pronounced reduction in performance

* In symptomatic/painful splenomegaly with associated thrombocytopenia or
leukocytopenia that affects the patient*s quality of life.

* In severe jaundice leading to social problems; increased jaundice in the pres-
ence of concomitant Gilbert's syndrome.

Severe and very severe all patients

The risk of splenectomy lies in the surgical procedure and the lifelong increased rate of severe
infections, mainly due to pneumococci with a mortality of 0.1-0.4% [2, 27]. This risk is reduced
by subtotal rather than total splenectomy [28, 29], thus the former procedure should be pre-
ferred. Most data on subtotal splenectomy are from children, not adults. In an analysis of the
Splenectomy in Congenital Hemolytic Anemia Consortium Registry, the mean hemoglobin
increase was higher after total splenectomy than after partial splenectomy (4.2 g/dl vs 2.4 g/dI,
p<0.001) [30].

Laparoscopic splenectomy is an alternative for hereditary spherocytosis. It is safe [30, 31, 32].
However, to date, it is unclear whether laparoscopic partial resection is equivalent to open,
subtotal splenectomy in terms of hematologic outcome and risk of recurrence.

Mild hemolysis with anemia may persist in patients with a severe course, especially with spec-
trin defects. In splenectomy, recommendations for vaccination and / or antibiotic prophylaxis
must be followed.

8 Follow-up

8.1 Controls in asymptomatic patients

There are no studies on the effectiveness of regular controls. Blood count analyses should be
performed on an as-needed basis, especially in cases of anemia symptoms in temporal relation
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to infections. Because of the rare iron overload in moderate and severe forms, serum ferritin
control is recommended at annual intervals. On the occasion of these controls, the vitamin B12
and folic acid levels should also be checked due to the increased need. Ultrasound of the bile
ducts and spleen size is recommended at least every three years.

8.2 Genetic counseling

If the patient wishes to have children, family counseling with examination of the partner for
erythrocytic membranopathy is recommended.
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