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Summary

Hereditary spherocytosis is the most common inherited red blood cell
membrane disorder in individuals of northern European ancestry with
an incidence of 1 case per 2000-5000 individuals. Deficiency or dysfunc-
tion of erythrocyte membrane proteins (ankyrin, band 3, o and
B spectrins, protein 4.2) result in weakened interactions between the
lipid bilayer and membrane skeleton leading to formation of spherocytes
with decreased deformability and increased osmotic fragility. Prema-
ture splenic destruction of abnormal spherocytes is a primary cause of
hemolysis in hereditary spherocytosis. The disorder is typically charac-
terised by anemia, jaundice and splenomegaly, however, the clinical
presention and course of disease is highly variable ranging from asymp-
tomatic forms with fully compensated hemolysis to occasionally severe
forms, requiring periodic blood transfusions and/or splenectomy. A diag-
nostic workout is based on a family history, physical examination, gen-
eral laboratory tests (complete blood count, reticulocyte count, examina-
tion of erythrocyte morphology) and a combination of cause-oriented
special diagnostic tests (osmotic fragility tests, flow cytometry, ekta-
cytometry, cryohemolysis test, electrophoresis of red blood cell mem-
brane proteins and molecular testing for genetic mutations within genes
encoding erythrocyte plasma membrane proteins. This review high-
lights current understanding of disease pathophysiology, genetics and
clinical features. Particular attention is given to a wide spectrum of lab-
oratory assays (screening as well as confirmatory) emphasizing their ad-
vantages and disadvantages. Herein we also present a clinical case of
aplastic crisis due to human parvovirus infection in a child with heredi-
tary spherocytosis.

Keywords: hemolytic anemia, hereditary spherocytosis, laboratory di-
agnosis, flow cytometry, osmotic fragility, parvovirus.

INTRODUCTION

eral blood smear and include hereditary
spherocytosis (HS), hereditary ellipto-

Red blood cell membrane disorders (so
called membranopathies) comprise a
heterogenous group of congenital
hemolytic anemias resulting from struc-
tural membrane defects. Historically,
the classification of these disorders has
been based on the alterations of eryth-
rocyte morphology seen on the periph-

cytosis (HE), hereditary stomatocytosis
(HSt), hereditary pyropoikilocytosis
(HPP) and Southeast Asian ovalocytosis
(SAO) [1]. The major emphasis is given
on hereditary spherocytosis (also known
as Minkowski—Chauffard disease), the
most frequently encountered red blood
cell membranopathy by clinicians.
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History

Hereditary spherocytosis was first de-
scribed in 1871 by two Belgian physi-
cians Vanlair and Masius, as micro-
cythemia, referring to the small spher-
ical cells in the peripheral blood
smear. The disease was rediscovered
by Wilson and Minkowski in the late
19 century, who described congenital
type of icterus by reporting 8 cases of
HS in three generations of one family.
Minkowski was the first to show that
icterus was associated with the
hemolytic anemia and postulated that
hemolysis was due to the splenic dam-
age. Chauffard and co-workers were
the first to describe the increased
erythrocyte osmotic fragility and
reticulocytosis in congenital hemolytic
icterus. The 1934 studies of Haden
proposed that structural abnormality
of the erythrocyte membrane could be
the basis for hemolysis. The next im-
portant contributions were reports of
correction of hemolytic anemia by
splenectomy and the studies of Ham
and Castle involving the spleen in the
conditioning of spherocytes. Later on
various molecular defects of erythro-
cyte membrane proteins and their
genes were identified [2, 3].

Epidemiology

Hereditary spherocytosis is consid-
ered to be the most common inherited
hemolytic anemia in Northern Euro-
pean countries and Northern America,
affecting approximately 1 in 2000 to
5000 individuals, although generally
HS is a rare disease worldwide. In fact
the real prevalence is likely to be even
higher due to underdiagnosis of ex-
tremely mild or asymptomatic forms
of HS [4]. Disease occurs worldwide in
all ethnic and racial groups. However
the incidence among Southeast Asian
and African people is thought to be
lower, although definitive information
regarding the epidemiology of HS is
unavailable. HS affects females and
males equally and can present at any
age, partly depending on the severity
of disease [5].

Pathophysiological aspects

The erythrocyte membrane is a highly
dynamic structure which is both ex-
tremely flexible and structurally resil-
ient. During the typical lifespan of
120 days the red blood cell (RBC)
passes through the circulation approx-
imately 300 000-500 000 times and
faces tremendous challenges — me-
chanical, biochemical as well as os-
motic. A combination of membrane
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Fig. 1. A schematic representation of the red blood cell membrane structure

strength, deformability and stability
allows erythrocytes to adapt to these
challenges and withstand the stress of
the circulation [6].

The RBC membrane is composed of
three main components: the lipid
bilayer punctuated with transmem-
brane proteins and an underlying
spectrin-based membrane cytoskele-
ton, which is attached to the bilayer by
linking proteins (Fig. 1).

The structural integrity of the
erythrocyte membrane is determined
by vertical interactions between the
lipid bilayer together with its trans-
membrane proteins and underlying
cytoskeleton as well as by horizontal
interactions between various cytoskel-
etal proteins. The most important ver-
tical linkages in the pathogenesis of
HS include: ankyrin-spectrin-
band 3-protein 4.2 interactions and
spectrin-protein 4.1-glycophorin
C-p55 interactions [7]. Deficiency or
dysfunction of one or more previously
mentioned membrane proteins is re-
sponsible for the loss of cohesion be-
tween lipid bilayer and spectrin-based
skeleton. As a result, membrane is
destabilized, leading to release of skel-

eton-free lipid vesicles and reduction
of both membrane surface area and
the surface area to volume ratio
(SA/V). Such mechanism leads to the
changes in erythrocyte shape and
formation of spherical RBCs [5, 8].

The spleen plays very important
role in the pathogenesis of HS. Be-
cause of the membrane surface area
reduction and impaired flexibility
erythrocytes are unable to effectively
pass through constricted regions of the
circulation. In addition to trapping
spherocytes, the spleen also “condi-
tions” such cells (so called splenic con-
ditioning) (Fig. 2) by causing further
damage on the erythrocyte membrane.
Ultimately abnormal red blood cells
are exposed to splenic macrophages
that eventually lead to erythrophago-
cytosis. This currently proposed mech-
anism of premature extravascular
erythrocyte destruction is responsible
for anemia and splenomegaly [8].

Molecular genetics

The molecular defects responsible for
qualitative and/or quantitative abnor-
malities of erythrocyte membrane pro-
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Fig. 2. Pathophysiological effects of erythrocyte destruction
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Table 1. Molecular classification of hereditary spherocytosis

Type | Gene Location| Membrane protein | Prevalence in patients with HS | Inheritance | Severity of disease | OMIM
1 [ANK1 |8pll1l.21 |Ankyrin-1 Europe and USA 40-65% AD, AR, Mostly moderate #182900
5-10% in Japan de novo
2 | SPTB 14g23.3 | B-spectrin 15-30% AD, de novo | Mild to moderate #182870
3 |SPTA1 |1qg23.1 a-spectrin ~5% AR Mostly severe #270970
4 |SLC4A1|17921.31 |Band 3 20-35% AD Mild to moderate #109270
5 |EPB42 |15q15.2 |Protein 4.2 Europe and USA <5% AR Mild to moderate #612690
Japan 40-50%

AD - autosomal dominant, AR — autosomal recessive, HS — hereditary spherocytosis, OMIM — Online Mendelian Inheritance in Man

Table 2. Classification of hereditary spherocytosis

Mild Moderate Moderate to severe Severe
GENERAL INFORMATION
Prevalence 20-30% 60-70% ~10% 3-5%
Inheritance AD AD, de novo mutation AD, de novo mutation AR
Main clinical features Usually asymptomatic Fatigue, pallor, (intermittent) jaundice
Splenomegaly Absent or mild Modest Significant
LABORATORY DATA
Hemoglobin (g/L) Normal 80-110 60-80 <60
Reticulocyte count (%) <6% >6% >10% >10%
Bilirubin (umol/L) 17.1-34.2 >34.2 >34.2-51.3 >51.3
Blood smear Mild spherocytosis Spherocytes Spherocytes Abundant spherocytes,
poikilocytosis, anisocytosis
MANAGEMENT

Splenectomy Usually not necessary In some cases Necessary >5 years-old | Necessary >2-3 years-old
Transfusions 0-1 0-2 Intermittent need (>2) Regular

AD — autosomal dominant, AR — autosomal recessive

teins show significant heterogeneity
and are typically caused by their cor-
responding gene mutations. There are
5 HS-related genes: ANK1, SPTB,
SPTA1, SLC4A1 and EPB42 (Table 1)
[9]. It is being reported that most of
the gene mutations are ‘private’,
meaning that nearly every family has
an isolated mutation or it appears in a
few families from different countries.
In approximately three-thirds of HS
patients, mutations are inherited in
an autosomal dominant manner (e.g. a
single mutant allele is sufficient for
HS to appear) [10]. According to the
guidelines for the diagnosis and man-
agement of HS, primary mutations are
found most often in the genes encoding
ankyrin, B-spectrin or band 8 with mu-
tations in the ANK1 gene being the
most common cause of HS in the Eu-
rope and USA [11]. In the remaining
25% of cases, inheritance is non-domi-
nant and the parents of these patients
are both clinically and hematologically
normal. Non-dominant HS (nd-HS)
cases can be further divided in two
groups. About half of them are caused
by spontaneous new mutations (de
novo), particularly in the ANK1 and
SPTB genes. The rest of the cases are
due to recessively inherited HS typi-

cally associated with abnormalities in
the o-spectrin or protein 4.2 genes.
The highly variable clinical manifesta-
tions depend partly on the mode of in-
heritance. In general, hemolytic ane-
mia is more severe and sometimes
even transfusion-dependent in pa-
tients with non-dominant HS [5, 9,
12].

LABORATORY INVESTIGATION

According to the current guidelines for
the diagnosis and management of HS
from the British Committee for
Standarts in Haematology, the diag-
nostic workout of hereditary
spherocytosis should be based on a
combination of family and clinical his-
tories, typical clinical presentation
(e.g. pallor, jaundice, splenomegaly)
and laboratory findings (e.g.
spherocytes on blood smear, elevated
MCHC, reticulocytosis) with no fur-
ther testing needed. In case of equivo-
cal diagnosis, two tests with a high
predictive value are recommended —
flow cytometric EMA-binding test and
cryohemolysis test both presenting
grade 1 recommendation and grade A
evidence [11].

GENERAL DIAGNOSTIC TESTS

Complete blood count

All patients with suspected HS should
have a complete blood count (CBC)
with reticulocyte count and erythro-
cyte indices. On the basis of anemia
extent and markers of hemolysis (bili-
rubin and reticulocyte count) severity
of the disease is classified as mild,
moderate, moderately severe and se-
vere (Table 2). In a majority of HS
cases anemia varies from mild to mod-
erate (Hb 80-120 g/L) or there is no
anemia at all (because of compensated
hemolysis due to balance between
erythrocyte destruction and reticulo-
cyte production). The elevation of both
mean corpuscular hemoglobin concen-
tration (MCHC >360 g/I.) and red
blood cell distribution width (RDW
>14%) is of high relevance to identify-
ing HS because of the satisfactory sen-
sitivity and specificity [5, 13]. On the
other hand, mean corpuscular volume
(MCV) do not have significant diag-
nostic value as it is often low normal or
only slightly decreased. Reticulocyte
count and automated reticulocyte in-
dices might be helpful in the diagnosis

LABORATORINE MEDICINA « 2019, t. 21, Nr. 2(82)



Laboratory Diagnosis of Hereditary Spherocytosis: Literature Review and Case Report

of HS. According to the guidelines for
RBC membrane disorders from the In-
ternational Council for Standardiza-
tion in Haematology (ICSH), high
reticulocyte count without an equally
elevated immature reticulocyte frac-
tion (IRF), e. g. high RET/IRF ratio,
has a high predictive value for HS [13,
14]. Currently, automated hematology
analyzers are able to provide new data
concerning RBC and reticulocyte anal-
ysis, e.g. mean sphered corpuscular
volume (MSCYV), hyperchromic RBC
percentage (% Hyper), mean reticulo-
cyte volume (rMCV or MRYV), reticulo-
cyte MHCH (rMCHC), reticulocyte he-
moglobin equivalent (Ret-Hb),
reticulocyte distribution width
RDW), ete. [13, 15, 16]. Although
these parameters might be of great in-
terest for HS screening, they are still
unfamiliar and rarely used by labora-
tories. For a correct interpretation of
red cell and reticulocyte indices the de-
pendance on the technologies used by
different hematological analyzers
should be taken into account [15].

Blood smear microscopic
examination

Erythrocyte morphology in HS is quite
diverse. Typically round, dense, hy-
perchromic red cells without a central
pallor (so called spherocytes) are
found on peripheral blood smear
(Fig. 3). The number of spherocytes is
highly dependent on the form of HS
and varies from only a few cells in mild
forms to large numbers of spherocytes
as well as bizarre morphology with
poikilocytosis and anisocytosis in se-
vere cases of disease. Varying degrees
of polychromasia, reflecting reticulo-
cytosis, is also noted. Molecular stud-
ies have also identified the association
between abnormal erythrocyte shapes
and some membrane protein defect,
e.g. spherocytic acanthocytes
(B-spectrin), “mushroom” shaped red
cells (band 3), spherostomatocytes
(protein 4.2). However, many other
hemolytic anemias can show sphero-
cytes on the peripheral blood smear,
therefore a diagnosis of HS cannot be
established by their identification
alone [5, 8, 17].

Biochemical markers of
hemolysis

Laboratory findings of ongoing ex-
travascular hemolysis in HS include
variably increased lactate dehydro-
genase (LDH) as well as indirect bili-
rubin and decreased or absent serum
haptoglobin. It should be noted, that
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Fig. 3. Peripheral blood smear of the patient with hereditary spherocytosis

such abnormalities can be absent in
patients with a mild form of the dis-
ease.

CAUSE-ORIENTED SPECIAL
DIAGNOSTIC TESTS

EMA-binding test

A rapid flow cytometric analysis for
the diagnosis of HS was presented al-
most two decades ago by King et al.
EMA (eosin-5-maleimide) is an
eosin-based fluorescent dye that cova-
lently binds band 3, a most abundant
integral protein of red cell membrane.
Therefore a quantitative decrease of
band 3 protein results in a reduction of
fluorescence intensity. To a lesser ex-
tent EMA also binds other RBC mem-
brane proteins, particularly Rh-re-
lated transmembrane proteins and
CDA47. If HS is due to defects in other
membrane proteins, e.g. spectrin or
protein 4.2, EMA-binding test can also
be useful. A decrease in fluorescence
intensity is thought to appear because
of modified EMA binding site on
band 3. On the other hand, test is less
effective in cases of HS caused by
ankyrin deffects partly due to distal
ankyrin location in relation to the
EMA binding site [17, 18]. Classically,
a comparison between mean fluores-
cence intensity (MFI) of patient eryth-
rocytes and MFI of red cells from
5—6 healthy age- and MCV-matched
controls is made. Primary gating for
both — controls and patient — is based
on side scatter vs. forward scatter. Red

LABORATORINE MEDICINA s 2019, t. 21, Nr. 2(82)

blood cells are gated in gate “Erythro-
cytes” (Fig. 4 A and B). As EMA bound
cells’ fluorescence is measured, it is
presented as mean fluorescence inten-
sity (Fig. 4 C and D). Two ways of re-
sult presentation are in use. The first
one, the cut-off value of MFI ratio that
is calculated by the following formula:
MFTI patient / mean of 5-6 MFTI’s for
normal controls. MFI ratio of <0.8 is
considered to be definitely positive for
HS [19, 20]. The second one, used at
Vilnius University Hospital Santaros
Clinics, is a percentage of MFI reduc-
tion (% reduction) between suspected
HS patient and normal controls. The
reduction in MFT is calculated by the
following formula:

(MFIcontrols — MFIpatient) x 100
MFIcontrols

The EMA-binding test is consid-
ered to be positive for HS when reduc-
tion is >21%, negative when <16% [15,
17, 19]. Percentage of MFI reduction
from 16% to 21% (so called “gray
zone”) is probable for HS, but a thor-
ough correlation between family his-
tory, clinical presentation, family
study and additional tests are needed
either to confirm or to rule out the di-
agnosis of HS [14, 17]. However, de-
spite the high predictive value of the
test, the lack of universal reference
ranges for both normal controls and
HS patients as well as standartization
of the test across different laborato-
ries, is an ongoing issue. The discrep-
ancies are most likely to be associated
with the different MFT scales from dif-
ferent flow cytometer models and
unstandartised sofware, used for the
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Fig. 4. EMA-binding test

evaluation of the results [14, 15, 18].
Nevertheless, EMA binding test is
characterized by a high degree of spec-
ificity (99.1%) and sensitivity
(92.7-96.6%). Other advantages of
this test include its short turnaround
time (app. 2-3 h), minimal amount of
blood (~5 uL) (especially important in
neonate testing), possibility of delayed
testing (up to 6-7 days) as the ability
of RBCs to bind an EMA dye is not af-
fected or the fact that test results are
not affected by recent blood transfu-

possibility of false negative results in
mild forms of HS that should be taken
into account [14, 15, 18, 19].

The osmotic fragility tests
(OFT)

Osmotic fragility (OF) is tested by the
measurement of red blood cell
hemolysis rate in a series of hypotonic
saline solutions of various osmolari-
ties. The deformability
of a healthy discoid

sions [15, 17]. It is also independent | shape erythrocyte is e
from the clinical manifestation of HS | determined by the

being positive even in compensated | abundant surface area

forms of disease [17]. It is important to | relative to cell volume 8=
note that in case of abnormal EMA- | (so called SA/V ratio).

binding test results other red blood | Placed in hypotonic so-

cell membrane disorders should be | lution swelling of such s L
taken into account, namely Southeast | erythrocyte takes L
Asian ovalocytosis (SAO), cryohydro- | place leading to cell f:_
cytosis (one type of hereditary | lysis when a critical ;
stomatocytosis), some cases of congen- | volume is reached. On s Wi
ital dyserythropoeitic anemia type II | the other hand, (%)
(CDA II) and hereditary pyropoikilo- | spherocytes have de-

cytosis (a severe form of hereditary | creased SA/V ratio, re- |
elliptocytosis). The differentiation of | sulting in a disability
previously mentioned disorders from | to absorb hypotonic so-

HS should include clinical features as | lution and expand. As

well as red cell morphology and | a consequence, they ;e

SDS-PAGE of red blood cell proteins.
Main disadvantages of the test are the
lack of universal reference ranges and

motically more fragile) [13, 20, 21].
Evaluation of red blood cell osmotic
fragility can be made by means of dif-
ferent methods.

Conventional or classical OFT
(cOFT) was first described in 1947 by
Parpart et al. Briefly, patients eryth-
rocytes are suspended in increasing
solutions of NaCl (concentrations
ranging from 0.1% to 0.8%). Sphero-
cytes, being osmotically fragile, burst
releasing hemoglobin that is mea-
sured spectrophotometrically. The
test results show the concentration of
NaCl needed to lyse 50% of RBCs. As
the percent of hemolysis for each of the
solutions is measured, it is plotted
against saline concentrations and OF
curve is drawn (Fig. 5) [13, 20, 21]. Itis
estimated that up to 25% patients
with HS have normal OFT results
when freshly collected blood is tested
[6, 15]. To increase the sensitivity of
the test, incubated OFT (iOFT)
should be performed — blood sample is
pre-incubated for 24 h at 37 °C in or-
der to enhance the degree of RBCs
hemolysis [15, 21]. According to the
current guidelines for the diagnosis
and management of HS, OF test is no
longer recommended for routine prac-
tice [11]. The main disadvantage of the
test is its relatively low sensitivity and
specificity. On the one hand, a test re-
sult can be positive not only in HS but
also in cases of secondary sphero-
cytosis associated with other condi-
tions, e.g. autoimmune hemolytic ane-
mia (AIHA) [14, 15]. In addition, a
false negative test result should be
taken into account in case of mild HS
forms or when a newborn patient is
tested (due to high concentrations of
fetal Hb red blood cells are less prone
to hemolysis) [15, 20].
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Fig. 5. The osmotic fragility curve
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Subsequently, three modifications
of the classical OFT were introduced,
e.g. glycerol lysis test (GLT), acidi-
fied glycerol lysis test (AGLT) and
the Pink test. Based on a similar
principle as OFT, they measure the
time needed for 50% of erythrocytes to
lyse in a buffered solution of hypotonic
saline and glycerol [20, 21]. A large
study of 150 HS patients by Bianchi et
al. compared performances of glyc-
erol-based erythrocyte fragility tests
and NaCl-OF on fresh and incubated
blood together with EMA-binding test.
Researchers found out that AGLT and
Pink test were more sensitive than
classical OFT or GLT with sensitivi-
ties of 95% and 91% respectively.
However, it was confirmed that each
of the tests performed alone fails to di-
agnose a portion of HS cases due to
complicated differentiation from sec-
ondary spherocytosis associated
mainly with AIHA. Researchers con-
cluded that the combinations of
AGLT + EMA-binding test and
Pink + EMA-binding test were re-
ported to identify nearly all patients
with HS with the sensitivity of 100%
and 99% respectively [22].

Flow cytometric osmotic
fragility test

A decade ago the most recent osmotic
fragility test was introduced by Won
and Suh [23]. The flow cytometry-
based method measures the propor-
tion of residual red blood cells (% RRC)
in a 0.9% NaCl solution after the in-
duction of hemolysis with deionized
water (DW). The assessment of red
cell count in real-time takes place
twice — before and after DW was
spiked to a red cell suspension during
flow cytometric acquisition. Increased
osmotic fragility is indicated by lower
% RRC values. The key advantages of
the test are as follows: 1) high sensitiv-
ity and specificity up to 85.7% and
97.2% respectively; 2) quantitative
and objective; 3) costeffective; 4) no
pre-incubation of blood samples
needed; 5) time and labor-saving [15,
23, 24]. Moreover, Shim and Won
showed that flow cytometric osmotic
fragility test (FCM OFT) results do
correlate with the clinical severity of
disease [25]. Inspite still being under
research, FCM OF test could be used
as a screening tool for HS in hematol-
ogy laboratories with the flow
cytometric equipment.

Cryohemolysis test

Osmotic fragility tests also include the
cryohemolysis test (CHT) proposed by

Streichman et al. in 1990. Measure-
ment of red blood cell hemolysis is
based on the greater fragility of
spherocytes suspended in a hypertonic
saline solution and exposed to sudden
cooling from 37 °C to 0 °C. Originally,
the sensitivity and specificity of CHT
for the diagnosis of HS was announced
to be higher in comparison with con-
ventional OFT as assay is likely to be
influenced by RBC membrane defect
rather than spherocytic shape and
surface to volume ratio decrease.
Whereas the sensitivity and specificity
of an assay reported in many studies
over the years varied greatly, the CHT
is now considered to be very specific
but moderately sensitive. It is worth
noting that false positive results of
CHT in patients with widely spread
iron deficiency anemia should be
taken into account [20, 26].

Erythrocyte membrane
protein electrophoresis

The underlying defect in hereditary
spherocytosis is an isolated or com-
bined deficiency of main erythrocyte
membrane proteins, e.g. ankyrin,
spectrin (o and B), band 3, protein 4.1
and/or protein 4.2. Identification of a
defective protein is based on the so-
dium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) per-
formed on disintegrated RBC ghosts
followed by densitometric quantifica-
tion [13, 27].

According to the latest guidelines
for the diagnosis and management of
HS, if both recommended screening
tests, i.e. EMA-binding test and cryo-
hemolysis, produce uncertain results,
the recommended method of choice is
SDS-PAGE. It is also recommended in

splenectomy as surgical management
is contraindicated in patients with
some forms of hereditary stomato-
cytosis [11]. Unfortunately, false neg-
ative results in up to 20% of cases
should be taken into consideration, es-
pecially in patients with asymptom-
atic or very mild forms of disease [27].
Detection of the ankyrin deficiency
can be also challenging due to the
presence of reticulocytosis as young
red blood cells have higher amounts of
ankyrin than mature erythrocytes
[17].

Osmotic gradient
ektacytometry

A precise determination of osmotic fra-
gility caused mainly by the reduction
of spherocyte membrane surface area
is available by means of osmotic gradi-
ent ektacytometry (OGE). Despite the
fact, that for many years OGE has
been the reference method for diagno-
sis of hereditary spherocytosis as well
as other red blood cell membrano-
pathies, it has not been included in the
guidelines because of limited avail-
ability in the routine laboratory prac-
tise. Recently, the broader clinical ap-
plication of the test has become possi-
ble with the introduction of the next
generation osmotic gradient ekta-
cytometry (NG-OGE). Ektacytometry
determines erythrocyte deformability
under a known shear stress but gradu-
ally changing osmolality. Briefly, red
blood cell deformability depends on
SA/V ratio, total membrane surface
area and cytoplasmic viscosity, all re-
flected by 3 important parameters of
the OGE profiles: Omin, deformability
index DImax and O’ or Ohyper (Fig. 6).
The Omin point corresponds to the
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Fig. 6. The ektacytometry curve

LABORATORINE MEDICINA s 2019, t. 21, Nr. 2(82)

61



62

Eglé Petrik, Agné Barzinskiené, Réda Matuzeviciené, Dovilé Karciauskaite

0.6

0.5

0.4+

0.3+

Elongation index, El

0.2+

0.1+

0.0

Control

Hereditary spherocytosis

T T T
0 100 200 300

T 1
400 500

Osmolarity, mOsm/kg

Fig. 7. Ektacytometry indicating typical curves for control and patient with he-

reditary spherocytosis

deformability region where % of the
erythrocytes are hemolyzed in the con-
ventional OFT providing with the in-
formation on the RBCs SA/V ratio.
Maximal deformability index
(DImax) or elongation index (EImax)
represents the maximal erythrocyte
deformability near 300 mOsm/kg and
depends mostly on the cell surface. O’
or hyper point corresponds to the
osmolality at 50% DImax at the
hypertonic region providing with the
information about intracellular viscos-
ity, i.e. hydration status of the red
cells. An ektacytometry profile in the
case of HS shows following character-
istic features: ¥ DImax with T Omin
(reflects osmotic fragility) and/or
{ Ohyper (reflects RBC dehydration)
(Fig. 7). Importantly, by generating
different ektacytometry profiles,
NG-OGE is a powerful tool in the dif-
ferential diagnosis of inherited RBC
membrane disorders [14, 28]. Recently
Llaudet-Planas et al. pointed out that
achieving 100% sensitivity for diagno-
sis of HS is possible with the combina-
tion of two diagnostic tests, namely
NG-OGE and EMA-binding test [29].
However, the main drawback of the
test remains the limited availability of
the instrumentation.

Molecular diagnostics

Determination of the underlying ge-
netic mutations within HS-related
genes (ANK1, SPTA1, SPTB, SLC4A1
and EPB42) allows appropriate ge-
netic counselling or prenatal diagnosis
and is of great importance prior to
splenectomy. Until recently, molecu-
lar approach for mutation screening in
HS included conventional Sanger se-
quencing based on single gene se-
quencing. However, the utility of this
method in diagnosing HS was consid-
ered to be limited because of signifi-

cant heterogeneity of possible molecu-
lar defects. In order to overcome diag-
nostic shortcomings, the advanced
genomic survey — next-generation se-
quencing (NGS) including exome se-
quencing, whole genome sequencing
and gene panels — has been introduced
[30-32]. Currently particular atten-
tion is payed to NGS panels including
large numbers of common HS caus-
ative genes. Being accurate, time- and
cost-effective method it could be ap-
plied to routine molecular testing [10].
Nevertheless, according to the guide-
lines for RBC membrane disorders
from the International Council for
Standardization in Haematology
(ICSH), molecular testing should be a
last option test in the diagnostics of
HS, reserved for the cases when family
history is uninformative or routine
screening tests give either negative or
equivocal results [14].

CONCLUSION

The specific survey in 26 European
centers was carried out by ENERCA
(European Network for Rare Red Cell
Anemias) in order to assess which lab-
oratory diagnostic parameters and/or
tests were used for the diagnosis of he-
reditary spherocytosis. It was re-
vealed, that next to red blood cell mor-
phology and reticulocytes, the most
frequently used tests are EMA-bind-
ing test (performed in 60% of centers)
as well as OFT and AGLT (performed
in 50% of centers). The majority of cen-
ters prefered to use a combination of
three previously mentioned diagnostic
tests rather than one as no single test
can identify all cases of HS. In fact a
consensus on which diagnostic test(s)
have highest sensitivity as well as
specificity is still a matter of debate.
Cryohemolysis test despite the recom-

mendation submitted in the guide-
lines for HS is used in less than 20% of
centers. Specific confirmatory assays
for HS (SDS-PAGE, ektacytometry or
molecular testing) were mostly per-
formed in atypical cases by few centers
[4, 33]. In conclusion, the diagnosis of
hereditary spherocytosis is a stepwise
process including patient’s family his-
tory, clinical features, physical exami-
nation, laboratory tests and the exclu-
sion of other causes of secondary
spherocytosis, e.g. autoimmune
hemolysis, systemic hematological
diseases, congenital dyserythropoietic
anemia (CDA) type 11, etc.

CASE REPORT

An 11 year-old girl was admitted to
Vilnius University Hospital Santaros
Clinics Pediatric hospital with general
complaints of febrile fever, drowsi-
ness, yellowish discoloration of skin
and sclerae. She also presented with
nausea, vomiting and abdominal pain
since 3 days. Three weeks prior admis-
sion to the hospital she had an acute
respiratory tract infection, which was
complicated by purulent otitis after-
wards. Patient has also had past medi-
cal history of microspherocytic anemia
for approximately 6 years. Her family
history was positive as older sister was
diagnosed with hereditary sphero-
cytosis and underwent splenectomy at
the age of 8 years because of frequent
hemolytic crises.

The patient was conscious on an
arrival to the hospital, but her general
condition was considered to be severe
because of anemia, fluid and electro-
lyte imbalance.

On physical examination, the
temperature was 37.3 °C, the arterial
blood pressure 107/67 mmHg, the
heart rate 120 beats/min, the respira-
tory rate 13 breaths/min, lung sounds
represent vesicular breathing. The pa-
tient was pale with mild skin and
scleral icterus present. Abdominal ex-
amination revealed that liver and
spleen were both enlarged and palpa-
ble 2 cm and 6 cm below the costal
margin respectively.

The laboratory data were as fol-
lows: WBC 3.16 x 107L (1) (the differ-
ential count showed no significant
changes), RBC 1.76 x 10"/L (1),
Hb 46 g/L. (3), MCV 73.9 fL. (),
MCH 26.1 pg, MCHC 354 g/L,
RDW 21.8% (1), PLT 109 x 10%L (),
RET 0.54% ({), RET 0.01 x 10*/L ({),
IRF 1.4% (). The peripheral blood
smear was not performed. The pa-
tient’s liver function tests were as fol-
lows: LDH 332 U/L (upper limit of nor-
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mal), total bilirubin 39.2 umol/L (1)
with direct bilirubin of 14.7 pmol/L (1).
CRP level 15 mg/L.

On the basis of familial and clinical
history, physical and laboratory inves-
tigations, the patient was finally diag-
nosed as having hereditary sphero-
cytosis. To confirm the diagnosis, an
EMA-binding test was performed.
Flow cytometric determination of
EMA-labeled red blood cells revealed
decreased mean fluorescence intensity
by 35% (Fig. 4), which definitely con-
firmed the diagnosis of hereditary
spherocytosis.

The patient has received red blood
transfusions, fluid infusions and
antipyretics. She recovered well and
was discharged 8 days after admission
with recommendations of regular
follow-up.

COMMENTS

Hereditary spherocytosis, as well as
other chronic hemolytic disorders,
may be complicated by three types of
crises, namely aplastic, hemolytic or
megaloblastic [5]. Our case report il-
lustrates a typical presentation of
aplastic crisis in a case of hereditary
spherocytosis.

Aplastic crises are mainly due to
virally-mediated bone marrow sup-
pression. The most frequent etiologic
agent of aplastic crises in patients
with HS is human parvovirus B19
(HPV B19) (the cause of erythema
infectiosum in general). It selectively
infects bone marrow erythroid progen-
itor cells resulting in their apoptosis
and severe red cell aplasia. Individu-
als with chronic hemolytic anemia, be-
ing highly dependent on the acceler-
ated erythropoiesis, can experience a
profound fall in hemoglobin level (in
this case Hb 46 g/L) due to bone mar-
row inability to compensate for
hemolysis. Thus the characteristic
laboratory finding is a low reticulocyte

LITERATURE

count (in this case Ret 0.54%,
Ret 0.01 x 1012/L) despite severe hemo-
lytic anemia [3, 34]. Regardless of the
predilection for erythroid precursors,
less often parvovirus B19 can also af-
fect other cell lineages (e.g. neutro-
phils, lymphocytes, platelets) leading
to pancytopenia on peripheral blood
(also seen in this case) [35].

Parents should be advised to watch
for the following parvovirus B19 infec-
tion related symptoms such as fever,
chills, malaise, nausea, vomiting, ab-
dominal pain with occasional diar-
rhea, respiratory symptoms or charac-
teristic maculopapular rash (slapped
cheek appearance) [5].

The diagnosis of parvovirus B19 in-
duced aplastic crises is often presump-

Santrauka

tive (as in this case), based on previ-
ously mentioned laboratory data e.g.
profound decrease of Hb value with
reticulocytopenia. Other laboratory
means of diagnosing parvovirus B19
infection include either identification
of HPV B19 DNA using PCR in the
blood sample or aspirate of bone mar-
row or serological tests for anti-HPV
B19 IgM and/or IgG antibodies [34].

Usually being a self-limiting,
aplastic crisis requires mainly a sup-
portive care and blood transfusions to
fulfil the interval between bone mar-
row suppression and recovery (typi-
cally 1-2 weeks) [34]. @
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PAVELDIMOS SFEROCITOZES LABORATORINE DIAGNOSTIKA: LITERATUROS

APZVALGA IR ATVEJO PRISTATYMAS

Eglé Petrik, Agné Barzinskiené, Réda Matuzeviéiené, Dovilé Karéiauskaite

Hemoliziné anemija dél eritrocitu memb-
ranos anomaliju dazniausiai pasireiskia
sergant paveldimaja sferocitoze. Di-
dziausias sergamumas yra registruoja-
mas Siaurés Amerikoje ir Siaurinéje Eu-
ropos dalyje, kur 2000-5000 gyventoju
tenka vienas sergantis asmuo. Eritrocitu
membranos baltyminiu komponenty (an-
kirino, band 3 komplekso, a ir B spektri-
no, baltymo 4.2) stoka arba defektas su-
silpnina ryS$ius tarp lipidu dvisluoksnio ir
membranos citoskeleto, lemia osmosis-
kai trapiuy ir rigidisku sferocitu formavi-
masi. Sergant paveldimaja sferocitoze,
pirminé hemolizés priezastis yra pries-
laikiné sferocityu destrukeija bluznyje. Li-
ga dazniausiai pasirei§kia anemija, gelta
ir ligos eiga gali ivairuoti nuo besimpto-
miu formu, kai vyrauja visi§kai kompen-
suota hemolizé, iki labai sunkiu formu,
kurioms gydyti reikia eritrocituy masés
transfuzijy ir (ar) splenektomijos. Pavel-
dimosios sferocitozés diagnostika grin-
dziama Seimine anamneze, ligonio apzia-

ros duomenimis, bendraisiais laboratori-
niais tyrimais (automatizuotu kraujo ty-
rimu hematologiniu analizatoriumi, reti-
kulocitu skaiciaus, eritrocitu morfologi-
jos nustatymu) ir ivairiu specializuotu
diagnostiniy testu (osmosinio trapumo
testo, tékmeés citometrijos, ektacitometri-
jos, kriohemolizés testo, eritrocity memb-
ranos baltymu elektroforezés ir eritrocitu
membranos baltymus koduojanéu genu
mutaciju nustatymo) deriniu. Straipsny-
je apzvelgiama paveldimosios sferocito-
zés patologiné fiziologija, genetiniai as-
pektai ir ligos simptomai. Isskirtinis dé-
mesys tenka laboratorinés diagnostikos
metodams — bendriesiems ir ligg patvirti-
nantiems, §iy metodu privalumams ir
trakumams. Straipsnyje aprasomas kli-
nikinis atvejis — parvoviruso sukelta ap-
laziné krizé vaikui, serganc¢iam paveldi-
maja sferocitoze.

Reiksminiai Zodziai: hemoliziné ane-
mija, paveldimoji sferocitozeé, laboratori-
né diagnostika, tékmés citometrija, os-
mosinis trapumas, parvovirusas.
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