* *
* *
g 3
Y

Original Article

Clinical and hematologic features of 300 patients
affected by hereditary spherocytosis grouped according
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ABSTRACT

Background

Hereditary spherocytosis is a very heterogeneous form of hemolytic anemia. The aim of this
study was to relate the type of molecular defect with clinical and hematologic features and
response to splenectomy using information from a large database of patients.

Design and Methods

Data from 300 consecutive patients with hereditary spherocytosis, grouped according to the
results of sodium dodecyl sulphate-polyacrylamide gel electrophoresis, were analyzed and the
sensitivity of red cell osmotic fragility tests was compared in various subsets of patients.

Results

Band 3 and spectrin deficiencies were the most common protein abnormalities (54% and 31%,
respectively); 11% of cases were not classified by the electrophoretic analysis. Spectrin defi-
ciency was more frequently diagnosed in childhood and band 3 deficiency in adulthood.
Hemoglobin concentration was slightly lower, spherocyte number and hemolysis markers high-
er in spectrin deficiency than in band 3 deficiency. The sensitivity of the osmotic fragility tests
ranged from 48% to 95%, and was independent of the type and amount of the membrane
defect. The association of the acidified glycerol lysis test and the NaCl test on incubated blood
reached a sensitivity of 99%. Splenectomy corrected the anemia in patients with all subtypes
of hereditary spherocytosis although spectrin-deficient patients still showed increased reticulo-
cyte numbers and levels of unconjugated bilirubin. Splenectomy allowed the identification of
the membrane defect in all the previously unclassified patients, most of whom had spectrin
and/or ankyrin deficiency.

Conclusions

The definition of the red cell membrane defect in hereditary spherocytosis has no major clini-
cal implications, but may be useful for a differential diagnosis from other hematologic disorders
that mimic this hemolytic anemia.
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Introduction

Hereditary spherocytosis (HS) is the most common
congenital hemolytic anemia in Caucasians, with an
estimated prevalence ranging from 1:2000 to 1:5000."
Approximately 75% of cases display an autosomal
dominant pattern of inheritance, the remaining com-
prising recessive forms and de novo mutations.**” The
main clinical features of HS are hemolytic anemia,
which can be from compensated to severe, sometimes
requiring exchange transfusion at birth and/or repeated
blood transfusions, variable jaundice, splenomegaly and
gallstones.”’

The molecular defect is highly heterogeneous, involv-
ing the genes encoding for spectrin, ankyrin, band 3 and
protein 4.2."" The deficiency or dysfunction of any of
these proteins, which are involved in the attachment of
the cytoskeleton to the membrane integral domain,
results in a loss of surface area and leads to spheroidal,
osmotically fragile cells that are selectively trapped in
the spleen.”®"* The defective protein can be detected by
sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE), which allows the identifica-
tion of different subsets of patients;**"* although some
HS subjects remain unclassified by this technique;'*"”"
efforts to identify the protein defect by genetic analysis
in unclassified cases have been unsuccessful.”

It is usually thought that the clinical phenotype of
spectrin deficiency is more severe than that of band 3
deficiency, and that the level of residual spectrin
inversely correlates with the severity of anemia.'**"”
Consistently, the observation that spectrin/ankyrin-
deficient red blood cells display lower maximal
deformability than band 3 deficient ones, both before
and after splenectomy, suggests more severe disease in
the former.” Since information on the clinical and labo-
ratory features of the most common HS defects has so
far been referred to a small number of subjects, we ana-
lyzed data from 300 HS patients grouped according to
the results of SDS-PAGE, to ascertain whether the clini-
cal and hematologic features and the response to
splenectomy are related to the type of molecular defect.
We also compared the sensitivity of the most common
laboratory screening tests for HS in various subsets of
patients.

Design and Methods

Patients

Three hundred consecutive HS patients (141 males
and 159 females, median age 20 years, range 1-80 years)
belonging to 212 unrelated families from different Italian
regions (109 from the north, 29 from the center, 62 from
the south) and 12 from foreign countries were investi-
gated. Peripheral blood was collected from patients and
controls during diagnostic procedures after obtaining
informed consent and approval from the Institutional
Human Research Committee. The procedures followed
were in accordance with the Helsinki international ethi-
cal standards on human experimentation.

Hereditary spherocytosis, protein defects and splenectomy

At the time of the study 121 patients were aged <18
years (40% of cases) and 179 were adults. Forty-one
patients had been splenectomized before the time of
the study, and 21 underwent splenectomy thereafter.
Indications for splenectomy in the latter group were
symptomatic anemia, or cholelithiasis and age <39
years.” In non-splenectomized cases the age at the time
of the study corresponded to the age at diagnosis. As
regards splenectomized patients, clinical and laborato-
ry data referred to the time of the study:.

Hereditary spherocytosis was diagnosed on the basis
of the clinical history, physical examination and the
results of laboratory tests: complete blood count, blood
smear examination, reticulocyte count, bilirubin con-
centration, red blood cell osmotic fragility tests, and
negative direct antiglobulin test” Autohemolysis,
screening for abnormal or unstable hemoglobins, Ham
and sucrose hemolysis test and, in some cases, assay of
the most important erythrocyte enzyme activities of
the glycolytic and pentose phosphate pathways were
also investigated. All patients underwent SDS-PAGE
analysis of the red cell membrane proteins and were
divided into different groups according to whether they
had deficiency of band 3, spectrin, ankyrin, both spec-
trin and ankyrin, or band 4.2, or no detectable defect.
Patients splenectomized during the follow-up (21
cases) were re-evaluated after splenectomy. Anemia
was defined as severe (Hb < 8 g/dL), moderate (Hb 8-
10 g/dL) and mild (Hb > 10 and <11.5 g/dL for females
and Hb > 10 and <18.5 g/dL for males).

Hematologic assays and iron status assessment

The great majority of samples were collected in our
institute. The few samples collected from different cen-
ters in Italy were transported at a temperature of 4°C
and always processed within 24 hours. Tests were per-
formed in a single site. None of the patients had had
transfusions within the 3 months preceding the study.
Hematologic parameters were determined on an auto-
mated hematology analyzer (Automatic Beckman
Coulter LH-750, CA, USA). The reference values for
adults in our hospital were*: Hb 12.2-15.1 g/dL for
females, 18.6-16.0 g/dL for males; mean corpuscular
volume (MCV) 81-98 fL; mean cell hemoglobin content
(MCHC) 31-36 g/dL; reticulocyte count 24-84x10°/L;
reference values for children were obtained from
Nathan et al.” Bilirubin, serum iron, total iron binding
capacity, and ferritin were determined using Integra
800 (Roche, Mannheim, Germany) (reference values:
unconjugated bilirubin <12.8 U, transferrin saturation
16-54%, serum ferritin 15-355 ng/mL). The number of
spherocytes in peripheral blood was assessed indepent-
ly by two experts. For each patient, red cell osmotic
fragility was evaluated by performing the following
tests: NaCl osmotic fragility test on both fresh and
incubated blood,” the standard glycerol lysis test,” the
acidified glycerol lysis test™ and the pink test.*" The ref-
erence group consisted of 274 healthy blood donors
giving blood for the first time;* moreover, since one
normal sample (from a healthy donor) was always run
together with samples from patients, the baseline refer-
ence values were periodically updated.
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The cryohemolysis test” and the flow cytometric
eosin-5-maleimide binding test,” recently recommend-
ed as screening tests for HS® were performed in the
last 33 consecutive patients. Activities of enzymes in
the glycolytic and pentose phosphate pathways were
assayed as reported elsewhere,* using the methods
described by Beutler.”

Analysis of red cell membrane proteins

Red cell ghosts were prepared within 24 hours of
blood collection using the method of Dodge er al.** with
the following modifications: whole blood was collect-
ed in EDTA and centrifuged at 1,000 g for 10 min, plas-
ma and buffy-coat were removed and red cells were fil-
tered through a cellulose mixture made of o-cellulose
and microcrystalline cellulose” equilibrated with phos-
phate-buffered saline [154 mM NaCl, 10 mM phos-
phate buffer, 0.1 mM phenylmethylsulphonyl fluoride
(PMSE), pH 7.4]. The lysis buffer was made of 5 mM
phosphate buffer, 1 mM EDTA, 0.5 mM PMSE, pH 7 4.
Free hemoglobin ghosts were stored frozen in aliquots
after addition of 1% SDS and 5mM N-ethyl-
maleimide.*® Red cell membrane proteins were ana-
lyzed, within 15 days of preparation of the ghosts, by
SDS-PAGE using a 4% to 12% gradient of acrylamide
according to Fairbanks er al¥ and the discontinuous
buffer system of Laemmli with an acrylamide linear
gradient from 6% to 14%.* Each patient and control
sample was loaded at least four times on each gel and
the average densitometric reading from Coomassie
blue stained gels was considered (GS-800 Calibrated
Densitometer, Bio-Rad). Quantitation of bands was
expressed as ratios to band 3. Spectrin and ankyrin defi-
ciencies were defined as a ratio to band 3 below the
lower limit of the reference range calculated from 100
normal subjects (reference ranges: spectrin/band 3:
0.95-1.21, ankyrin/band 3: 0.13-0.23). Band 3 deficien-
cy was defined as a spectrin/band 3 ratio higher than
the upper limit of the reference range (see above).
Protein 4.2 deficiency was defined as an isolated, sub-
stantial decrease of the protein 4.2/band 3 ratio (<50%
of the lower limit of the reference range: 0.12-0.18).

Statistical analysis

Continuous variables were analyzed as means + stan-
dard deviation or as medians and range, whereas discrete
variables were analyzed as percentages. %’ tests were
performed on discrete variables, in order to study
whether there were significant differences in clinical data
between different groups of patients. When a large num-
ber of cells contained fewer than five subjects, a Monte
Carlo y’ test” was performed, based on 1,000 simula-
tions. Significant differences in mean values of continu-
ous variables were assessed using a one-way ANOVA
with protein defect as a predictor. A contrast test was
used to evaluate whether significant differences in mean
values were attributable to the two prevalent protein
defects (band 3 or spectrin). T-tests were performed to
analyze differences between splenectomized and non-
splenectomized subjects. For all statistical tests, a p value
<0.05 was considered statistically significant. Statistical
analyses were performed using SAS version 8e.
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Results

Clinical, hematologic and biochemical features of
splenectomized and non-splenectomized hereditary
spherocytosis patients

The inheritance pattern of HS was dominant in
210/300 patients (70%) and 116/212 families (55%).
Separate analysis of cases diagnosed in childhood and
in adulthood (Figure 1A) showed that anemia, neona-
tal jaundice and transfusion requirement were more
frequent in subjects diagnosed during childhood.
Neonatal jaundice was rather common (occurring in
one-third of all cases), but exchange transfusion was
required in only 14/82 cases. When clinical features
were divided according to the membrane defect
(Figure 1B), we found that splenomegaly and gall-
stones were more frequent in band 3 deficient
patients, whereas anemia, neonatal jaundice and trans-
fusion requirement were more common in those with
spectrin/ankyrin deficiency. As regards exchange
transfusion, no difference was found between the two
groups. Interestingly, isolated or combined spectrin
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Figure 1. Main clinical data of non-splenectomized HS patients
divided according to age at diagnosis (A): E<18 years old
(n=121), and [1>18 years old (n=138), and to the type of mem-
brane defect (B): Mspectrin/ankyrin deficiency (n=90), and [
band 3 deficiency (n=139).




and ankyrin deficiency was more frequently diagnosed
in childhood than in adulthood (55% vs. 45%), unlike
band 3 deficiency (60% in adults vs. 40% in children).

Table 1 shows the hematologic and biochemical data
of HS patients grouped according to whether they had
not been splenectomized or had been splenectomised
before the time of the study. In the former group MCV
was decreased in 8% of adults and 16% of children,
and MCHC increased in 14% of adults and 16% of
children (considering the age-related reference values);
22 patients (8%) had less than 2% spherocytes, and
eight of them (five with band 3 deficiency and three
with spectrin deficiency) had no detectable sphero-
cytes. Hemolysis markers were increased in all
patients but four (two with band 3 deficiency and two
with spectrin deficiency). Red cell osmotic fragility
was assessed by a battery of tests, with sensitivities
ranging from 48% to 95%. The association of the acid-
ified glycerol lysis and NaCl tests on incubated blood
reached a sensitivity of 99%, even including atypical
patients, i.e. those with normal reticulocyte counts
(n=16) and/or no spherocytes in the peripheral blood
(n=8). The sensitivity of the cryohemolysis and the
eosin-5-maleimide binding test, performed in the last
33 consecutive patients only, was 53% and 84%,
respectively (data not shown). As regards serum iron
parameters, a serum ferritin concentration >500 ng/mL
was detected in eight out of 189 non-splenectomized
and never transfused patients; three of these eight
patients had both increased serum ferritin concentra-
tion and transferrin saturation, and were heterozygous
for the HFE mutation His63>Asp.

Considering the splenectomized patients, the hemo-
globin levels were normal in all cases but one (who had
severe spectrin deficiency), and markers of hemolysis
were significantly reduced as compared to those in non-
splenectomized subjects. Interestingly, among splenec-
tomized patients the percentage of positive cases was
increased for all the osmotic fragility tests, as compared
with non-splenectomized cases; in particular, both the
acidified glycerol lysis and NaCl tests on incubated
blood reached 100% sensitivity. The most common
protein abnormalities were band 3 and spectrin defi-
ciencies in both non-splenectomized and splenec-
tomized patients. This also held true when one individ-
ual from each kindred was considered (104 with band 3
deficiency and 64 with spectrin deficiency). Substantial
isolated protein 4.2 deficiency was found in two
patients belonging to the same family. A small decrease
of protein 4.2 was found in association with band 3 or
spectrin deficiency in 7% and 16% of cases, respective-
ly. The membrane protein defect was undetectable in
3% of splenectomized patients and in 11% of non-
splenectomized patients.

Hematologic features of hereditary spherocytosis
patients grouped according to the type
of membrane defect

Figure 2 shows the hematologic data of non-splenec-
tomized HS patients grouped according to the type of
the membrane defect. No significant differences were
observed among the various groups, although hemo-

Hereditary spherocytosis, protein defects and splenectomy

Table 1. Hematologic and biochemical data of non-splenec-
tomized and splenectomized HS patients.

Non-splenectomized Splenectomized
(n=259) (n=41)

Hematologic parameters®

Hemoglobin (g/dL) 12 (6-189) p<0.001 148 (9.2-18.4)
MCV (fL) 8 (68-112) p<0.03 90 (76-112)
MCHC (g/dL) 355 (27.6-39.9) 356 (29.4-38.8)
Spherocytes (%) 7 (0-56) 10 (0-44)
Markers of hemolysis®

Reticulocytes (x10°/L) 244 (9-909) p<0.0001 78 (37-439)

Unc. bilirubin (L.U.) 308 (5.1-215.4) p<0.0001 13.7 (3.4-66.7)
Osmotic fragility tests”
Standard glycerol lysis 124 (
Acidified glycerol lysis 246 (
Pink 197 (
NaCl on fresh blood 174 (

) p<0.0001 39 (95)
) 4 (100)
) 37 (89)
) p=0.0001 40 (97)
)

NaCl on incubated blood 223 (86 p=0.02 41 (100)

All tests 259 (100) 41 (100)
Iron status parameters®

Transferrin saturation (%) 29 (8-93) 33 (0.3-85)

Serum ferritin (ng/mL) 115 (3-1403) 133 (12-1617)
Defective protein”

Band 3 139 (54) 19 (46)

Spectrin 81 (31) 17 (41)

Ankyrin or combined 9 (3) 4 (10)
spectrin/ankyrin

Band 4.2 2 1) 0 (0)

Undetected 28 (12) 1 (3)

“Median values (ranges); the t-test was used to compare splenectomized and non-
splenectomized patients; "Number of positive cases (percentage); the )’ test was
used to compare frequencies in splenectomized and non-splenectomized patients.

globin levels were slightly lower, and median sphero-
cyte number and hemolysis markers slightly higher in
spectrin-deficient patients than in those with band 3 or
protein 4.2 deficiency. This was also true considering
the different forms of HS according to the clinical clas-
sification proposed by Bolton-Maggs et al.:”® HS pre-
sented as trait, mild, moderate, and severe in 42%,
38%, 11%, and 9% of spectrin/ankyrin-deficient
patients, and in 50%, 30%, 16%, and 4% of band 3-
deficient cases, respectively. Table 2 shows the hema-
tologic features of patients with band 3 deficiency and
isolated spectrin deficiency divided according to
whether they had been splenectomized or not. In both
defects, splenectomized patients had normal hemoglo-
bin values, and significantly reduced reticulocyte num-
bers and unconjugated bilirubin levels compared to
non-splenectomized cases; however, spectrin-deficient
splenectomized patients still had increased reticulo-
cyte counts. Consistently, considering only splenec-
tomized patients, spectrin-deficient cases had signifi-
cantly higher reticulocyte counts (p=0.05) compared
with band 3-deficient cases. The sensitivity of osmot-
ic fragility tests was similar in patients with band 3
and spectrin deficiency irrespective of the amount of
protein deficiency, and also in patients without a
detectable membrane defect (data not shown). The HS
patients with unclassified membrane defect were com-
parable to the other groups in terms of hemoglobin
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Table 2. Hematologic data of band 3- or spectrin- deficient HS patients grouped according to whether they had or had not been splenec-

tomized.

Band 3 deficiency Spectrin deficiency
Non-splenectomized Splenectomized” Non-splenectomized Splenectomized”
(n=139) (n=27) (n=81) (n=26)

Hematologic parameters”

Hemoglobin (g/dL) 121 (6-189)  p<0.0001 154  (11.8-18.8) 114 (12.2-16.2)  p<0.0001 14.3 (9.2-18.4)

MCV (fL) 88 (71-112) 91 (74-112) 86 (68-100) 88 (74-110)

MCHC (g/dL) 36 (28-40) 36 (29-39) 35.4 (28-40) 35 (30-37)

Spherocytes (%) 7 (0-45) 10 (3-21) 8.5 (0-56) 7 (0-44)
Markers of hemolysis®

Reticulocytes (x10°/L) 244 (9-700) p<0.0001 64 (11-153) 263 (38-909)  p<0.0001 90 (22-439)

Unc. bilirubin (L.U.) 36.9 (5.1-152)  p<0.0001 169  (8.2-45.1) 389 (7.2202)  p=0.0004 14.7 (3.4-121.4)
Osmotic fragility tests®

Standard glycerol lysis 80 (58) p<0.01 23 (85) 31 (39) p<0.0001 21 (81)

Acidified glycerol lysis 133 (95) 25 (93) 76 (95) 26 (100)

Pink 107 (78) 21 (78) 64 (80) 21 (81)

NaCl on fresh blood 80 (58) p<0.03 22 (81) 61 (76) p<0.01 26 (100)

NaCl on incubated blood 116 (83) 26 (96) 71 (89) 26 (100)

All tests 139 (100) 27 (100) 81 (100) 26 (100)
Iron status parameters”

Transferrin saturation (%) 29 (10-79) 34 (1-61) 34 (12-93) 39 (10-85)

Serum ferritin (ng/mL) 145 (7-1296) 107 (11-844) 177 (3-1403) p=0.03 143 (13-1617)

“Patients splenectomized before the study and during follow-up; "Median values (ranges); the t-test was used to compare splenectomized and non-splenectomized patients;
‘Number of positive cases (percentage); the X’ test was used to compare frequencies in splenectomized and non-splenectomized patients.

levels, hemolysis markers, osmotic resistance and
prevalence of splenomegaly.

Effect of splenectomy on hematologic and
biochemical features

The analysis of 21 patients (seven with band 3 defi-
ciency, five with spectrin deficiency, one with band 4.2
deficiency and eight with an undetected abnormality)
evaluated before and after surgery showed, in all cases,
an increase of median hemoglobin levels (from 10.8
g/dL to 13.9 g/dL), and a decrease of reticulocyte count
(from 337x10°/L to 51x10°/L) and unconjugated biliru-
bin (from 32.5 IU to 12 IU). When the effect of splenec-
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tomy was related to the membrane defect, the mean
hemoglobin increase was higher in band 3-deficient
patients than in spectrin-deficient ones (4.25 g/dL;
range, 0.8-6.1, versus 3.6 g/dL; range, 0.8-5.2), although
the difference was not statistically significant.
Furthermore, the reduction of reticulocytes and uncon-
jugated bilirubin was more evident in patients with
band 3 deficiency. The effect of splenectomy was com-
parable in young (n=06) and adult patients. Interestingly,
splenectomy allowed the identification of the mem-
brane defect in all the previously unclassified cases (four
with spectrin deficiency, three with spectrin/ankyrin
deficiency and one with band 3 deficiency).



Discussion

This is the largest study correlating the clinical and
hematologic features of patients with HS with the
defective cytoskeletal protein, as assessed by SDS-
PAGE analysis which is currently the reference test for
the identification of the molecular lesion in this dis-
ease.” Band 3 deficiency was the most frequent red cell
membrane abnormality in our patients, in line with
data reported by Cynober et al.” and Rocha et al.,* but
at variance with others,”** who found that isolated
spectrin and combined ankyrin/spectrin deficiencies
were the more frequent defects in smaller HS series.
The proportion of unclassified patients was lower than
that found by Saad er al.*® and Cynober et al.,”” and sim-
ilar to that in more recent reports.'*'* The lack of sub-
stantial clinical and hematologic differences between
classified and unclassified HS subjects rules out the
hypothesis® that the failure of SDS-PAGE to show the
defective protein was related to a milder clinical expres-
sion of the disease. It is interesting that splenectomy
revealed the underlying cytoskeletal abnormality in all
eight previously unclassified cases, of whom seven
were found to be spectrin and/or ankyrin-deficient.
One case of spectrin deficiency disclosed by splenecto-
my was reported by Saad er al.,* who hypothesized
that spleen conditioning could peel out some band 3
molecules resulting in overestimation of the spectrin to
band 3 ratio; moreover, spectrin deficiency was report-
ed to be quantitatively more pronounced in splenec-
tomized than in non-splenectomized patients.” In line
with these observations, our data indicate that almost
all unclassified HS patients are likely to be spectrin
and/or ankyrin deficient.

The correlation between the type of defective protein
and the clinical features of the disease has never been
extensively investigated, the few large studies on HS
being focused on either clinical®® or biochemical
aspects only.'** In small series spectrin was reported to
be associated with a more severe clinical phenotype
than band 3 deficiency.'**” We did not detect signifi-
cant differences in the clinical or hematologic features
among the various HS subsets, although spectrin-defi-
cient patients had slightly lower hemoglobin levels and
higher hemolytic markers than those with band 3 defi-
ciency. Splenectomy corrected the anemia in all cases
but one, who had severe spectrin deficiency, in line with
previous reports.*” After splenectomy, spectrin-defi-
cient patients had a slightly lower median increase in
hemoglobin concentration, and a higher reticulocyte
count than band 3-deficient patients, suggesting that the
former is a more severe clinical condition. These i1 vivo
findings are in agreement with the observation of
Reliene et al” that red cell deformability, measured as
the elongation index by an ectacytometer, is lower in
spectrin/ankyrin-deficient erythrocytes than in band 3-
deficient ones, both before and after splenectomy:.

HS may present at any age, although typically in
childhood and adolescence. We showed that
splenomegaly was the most frequent sign in adults, fol-
lowed by jaundice, anemia and gallstones, and con-

Hereditary spherocytosis, protein defects and splenectomy

firmed that anemia and splenomegaly were the most
frequent complaints in children.””* The observation that
spectrin deficiency was more frequently diagnosed in
childhood and that anemia, jaundice and transfusion
requirement were more frequent in spectrin-deficient
than in band 3-deficient patients is in favor of an earlier
and more overt clinical presentation of the former
defect.

The laboratory hallmarks of HS are the presence of
spherocytes in a blood smear and/or the demonstration
of increased red cell fragility. We showed that the num-
ber of spherocytes was not related to either the type or
the severity of the membrane defect. It is worth noting
that about 10% of HS cases had very few or no
detectable spherocytes, and this may account for HS
being misdiagnosed in some patients. Red cell fragility
tests are, therefore, an important diagnostic investiga-
tion in less typical cases. These tests, which are known
to have different sensitivities,” have been mostly used
individually,*"** and their performance has never been
related to the defective protein. Our results confirmed
that the sensitivity of these tests varies greatly®® and
showed that it was independent of the cytoskeletal
abnormality and of the extent of the protein deficiency.
We also demonstrated that, among the traditional
screening tests for HS, the acidified glycerol lysis test
had the highest sensitivity, even higher than that report-
ed for the flow cytometric eosin-5-maleimide binding
test,® recently recommended by the General
Haematology Task Force of the British Committee for
Standards in Haematology.”

In conclusion, the data presented in this paper show
that the definition of the red cell membrane defect in
HS, whatever the clinical form of the disease (trait, mild,
moderate and severe),” has no clear clinical implica-
tions. Nevertheless, the finding that spectrin/ankyrin
deficiency was more frequently diagnosed in childhood,
and that splenectomy was more frequently performed
in patients with spectrin/ankyrin deficiency, may sug-
gest that spectrin/ankyrin-deficiency tends to produce a
more severe clinical phenotype than band 3 deficiency.
Our findings are in line with the guidelines for the diag-
nosis of HS, which recommend that SDS-PAGE analysis
be performed only in selected cases. However, it is
worth mentioning that SDS-PAGE may be an effective
investigation for differentiating HS from cases of con-
genital dyserythropoietic anemia type II, which mimics
HS due to the presence of mild chronic hemolytic ane-
mia, splenomegaly and microspherocytes in a peripher-
al blood smear.”
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